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SOME  ASPECTS  OF  PESTILENCES  AND  OTHER 

EPIDEMICS. 


Bj  B.  S.  Gowm. 


I.    The  Black  Death. 

From  the  time  of  the  6r9t  recorded  pestilence  down  to  the 
present  there  have  bcea  conipara lively  few  periods  of  any  con- 
dderable  length  when  pestilences  or  other  epidemics  have  not 
prevailed  in  some  part  of  the  world.  One  of  the  most  persistent 
of  these  is  the  disease  now  known  as  the  Oriental  or  bubonic 
plagne.  It  is  possible  that  the  last  of  "the  plagues  of  Egypt" 
was  this  same  pestilence;  and  there  can  be  little  doubt  that-tbe 
more  than  50,000  Israelites  and  Pbili<»tiues  "slain  by  the  angel 
of  the  Lord"  near  Betbsbemesb  on  account  of  the  ark  (I  Sam. 
W,  6),  as  well  as  the  70,000  "destroyed  by  Jehovah"  on  ac- 
count of  David's  sin  (II  Sam.  xxiv,  15)/ were  simply  victims 
of  the  pestilence  which  is  destroying  its  thousands  in  the  Orient 
to-day,  for  the  symptoms. !»  far  as  they  are  given,  are  similar. 
It  is  probable,  therefore,  that  the  plague  of  David  was  identical 
with  the  pestilence  which,  according  to  Homer,  broke  out  in 
the  Greek  camp  during  the  Trojan  war.  And  we  may  reason- 
ably suspect  that  one  of  Job's  afHiclions  was  an  attack  of  the 
bubonic  plague.  The  plague  of  Athens  C430B.  C),  so  graphi- 
cally described  by  Thucydides,  though  resembling  the  genuine 
Slague  in  some  respects,  was  probably  not  identical  with  it. 
3  the  description  of  this  pestilence  we  get  onr  first  valuable 

'  This  attribution  of  pestilences  to  the  "angel  of  the  Lord"  was  not 
peealiar  to  tliat  earlv  age;  belief  iu  their  divine  origin  and  paiiitire 
nature  persisted  la  Europe  nntil  recently. 


GOWKN: 


data  for  a  psychological  study  of  pestileoiial  epidemics.  Id 
the  account  given  by  Rufus  of  Kphesus  concerning  a  pestilence 
,^oo  B.  C.  we  have  probably  the  first  authtntic  account  in  pro- 
fane history  of  the  genuine  bubonic  phgue.  Procopius,  an 
eye  witness  of  the  Justinian  plague  (542  A'.  D.)>  proves  that 
scourge  to  be  the  greatest  and  most  wide-spread  pestilence 
known  up  to  that  time: — indeed,  it  has  been  siirpasscil  in  il8 
sweep  and  dcsi recti veni>SB  by  only  one  in  the  history  of  the 
world,  and  that  one  is  the  Black  Death. 

Though  all  the  intervening  centuries  record  numerous  pesti- 
lences— usually  five  or  six  to  the  century — our  atieiitiou  will 
centre  mainly  in  the  epidemics  of  the  later  Middle  Ages,  and 
particularly  in  the  fourteenth  century,  for  into  it  were  crowded 
more  pestilences  and  peculiar  epidcmica  than  have  ever  been 
known  at  any  other  time.  Not  to  mention  the  famine  which, 
in  the  second  decade  of  the  century,  strewed  the  roads  with 
the  dead,  and  caused  imprisoned  thieves  to  devour  one  another, 
nor  the  severe  scourges  of  some  of  the  more  common  diseases, 
such  OS  measles  and  small-pox,  there  were  probably  twenty 
visits  of  the  plague  in  various  pans  of  Knropc;  besides,  the 
witch  mania  still  held  sway,  and  the  crace  of  the  FlagelUnls 
was  almost  universal;  the  dancing  mania  in  -^me  furm  or  other 
overran  a  number  of  European  countries, — St.  John's  and  St. 
Vitus's  dance  in  central  and  northern  Europe,  and  taraniism  in 
Italy;  and  that  most  terrible  (though  not  the  most  wide-spread) 
of  all  dtsea^ies,  St.  Anthony's  fire,  raged  particularly  in  France 
and  England.  Truly  this  was  "a  century  of  putrid  malignant 
affectious." 

The  Black  Death,  which  we  shall  consider  first,  occurred 
abont  the  middle  of  the  century,  though  the  name  which  it 
now  bears  was  not  applied  to  it  till  about  a  century  later.  It 
has  very  appropriately  been  called  "the  greatest  calamity  ever 
visited  upon  mauldud."  Dr.  Crelghton,  speaking  of  the  Black 
Death  (103a:  II  133),  says  that  although  the  political  history 
of  that  part  of  the  century  is  not  unimportant,  "it  shrinks  into 
insignificance  in  the  presence  of  that  tremendous  social  calamity 
which  changed  the  whole  face  of  rural  England,  and  by  irans- 
forming  her  agricultural  system,  gave  a  new  direction  to  her 
industries,  left  a  lasting  impress  on  her  laws,  her  arts,  and  her 
manners,  and  in  a  word,  profoundly  and  pcrmaueutly  affected 
the  whole  future  course  of  her  political,  social  and  economic 
life." 

Only  by  a  somewhat  extended  study  of  the  Black  Death  will 
we  be  prepared  to  appreciate  its  full  significance  for  a  psycho- 
logical study.  Let  it  be  understood  at  the  outset,  however, 
that  in  describing  the  Black  Death  I  am  but  describing  a  severe 
form  of  the  bubonic  plague,  for  it  is  not  a  disease  sui generis, — • 
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a  pestilence  tbat  visited  the  earth  bnt  once  and  then  disap- 
peared forever,  as  some  have  thought  (1:416). 

I  have  referred  to  the  Black  Death  a»  the  greatest  calamity 
the  human  race  was  ever  subjected  to.  It  is  true,  the  Jus> 
tinian  plague,  which  ushered  in  the  Middle  Ages,  was  called  a 
world- pestilence,  fur  it  overran  the  known  world  of  that  early 
date,  but  the  known  world  in  1348,  when  the  Black  Death,  the 
next  world -pestilence,  bronghi  the  Middle  Ages  to  a  close,  was 
a  much  greater  world.  There  have  been  two  or  three  scourges 
since  that  dale  which  were  le^s  general  in  their  sweep  bnt 
even  more  destructive  iu  some  places.  Loudon,  for  example, 
suffered  probably  as  much  in  1603  and  1625,  and  perhaps  even 
more  from  the  "Great  Plague"  in  166.^,  when  the  plague  as  an 
epidemic  visited  England  for  the  last  time.*  The  same  could 
be  said  of  Milan.  Marseilles.  Coustantinople.  and  other  cities; 
bnt  what  gives  the  Black  Death  greater  prominence  is  the  fact 
that  it  was  pandemic. 

As  to  the  origin  of  the  Black  Death,  there  are  various  opin- 
ions. Not  a  few  writers  have  considered  tt  a  special  punish* 
ment  sent  by  the  Almighty  because  of  the  wickedness  of  the 
woild;  others  have  thought  tbat  the  plague  was  "created 
in  the  beginning,"  aud  tbat  there  has  been  no  break  in  it 
since;  still  others  think  it  unnecessary  to  assume  that  the 
Black  Death  (or  the  plague  in  any  form)  "was  created  in 
heaven"  for  tlie  punishtneni  of  man's  wickedness,  or  that  it 
has  existed  in  unbroken  succession  since  the  beginning  of  the 
world:  but  prefer  to  hold  tbat  the  germs  exist,  and  only  need 
suitable  soil  or  right  conditions  in  order  to  develop  and  pro- 
duce the  disease.  This  view,  it  seems  to  me,  will  force  itself 
upon  one  who  makes  a  careful  and  exhaustive  study  of  all  the 
facts.  The  origin  of  the  Black  Death,  as  of  other  outbreaks  of 
the  plague  in  modem  times,  could  uu  doubt  be  traced  to  natu- 
ral causes  in  some  definite  place  if  records  had  been  kept. 
Whether  i;  originated  in  China.'  as  some  think,  or  in  Arabia. 
as  others  believe,  I  shall  not  discuss;  but  shall  stop  where  I 
think  absolutely  authentic  history  stops. 

We  have  definite  proof  that  the  plague  anerwards  known  as 
Uie  Black  Death,  existed  at  Ca0a  or  Gafia.  (now  Tbeodosia),  a 

*Dr.  Crei]{bton  SRys^I.  302)  that  tt  c<;a»eil  in  l666,  but  Braylev 
(Intr.  to  DeFoe,  p.  xx),  sa;s  that  ia  a  milder  form  it  periitted  til) 
1679. 

■  Uaay  writen,  (ollowtag  more  or  less  T&gae  reports,  arc  of  opinion 
thai  the  Block  Death  originated  in  Chios  in  1533  in  couocction  with 
earthquakes  and  famine.  Dr.  Creigbtoti  rcfcra  to  this  teodt^ncy  to 
place  the  origin  bh  far  oS  as  poi^Bible  wheD  lie  says  tbat  accordiug  to 
ftome  cpidcmologiata  "it  iseiiouj^h  to  hare  traced  a  virus  to  a  remote 
•oarcc,  to  'the  rooT  of  tlie  earth,' or  the  backboae  of  the  east  wioil, 
■ad  there  to  leave  it." 
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Genoese  city  in  tbe  Crimea,  about  tiie  middle  of  tbe  fourteeatb 
century  (30:48).  In  1346  this  towu  was  attacked  by  the  Tar- 
tars, and  Rl  some  time  darin}^  this  siege,  protiably  in  1347,  the 
plague  broke  out  among  the  Tartars,  aud  carried  off  thousands 
daily.  The  besiegers,  despairing  of  talcing  tbe  city  by  force, 
and  hoping  to  get  possessiou  in  au  indirect  way,  or  perhaps  to 
take  revenge  on  the  beseiged,  began  to  use  their  engines  of 
war  for  burling  into  the  city  the  bodies  of  those  who  had  died 
of  the  [Mrslilence  (30:48).  The  city  was  abandoned;  the  inhahi- 
tAUts  took  to  their  ships  and  sailed  westward,  causing  the 
spread  of  the  plague  in  Europe.  It  came  to  Constantinople; 
the  emperor,  John  Cantacuzene,  following  Thucydides's  de- 
scription of  an  earlier  pestilence,  says(4o;io),  "The  epidemic 
which  then  raged  in  Northern  Scythia,  traversed  the  entire 
seacoast,  whence  it  was  carried  all  over  the  world.  For  it  in- 
vaded not  only  Pontus.  Thrace  and  Macedonia,  but  Greece, 
Italy,  the  Islands,  Egypt,  Libya.  Judea,  Syria,  and  almost  the 
entire  universe."  A  detailed  study  of  the  Black  Death  for  the 
next  four  or  five  years  would  lead  to  the  acceptance  of  :iuch  a 
description  as  this,  without  so  much  discount  as  would  at  first 
seem  necessary. 

It  was  early  in  the  year  1348  that  the  ships  which  are  be- 
lieved to  have  brought  the  infection  from  the  Crimean  city 
reached  Italy.  Though  the  ships  arrived  safe. — some  at 
Genoa,  some  at  Venice,  some  at  other  ports, — nut  so  the  crews, 
for  De'Mussi  says  that  of  a  thonsand  sailors  hardly  ten  were 
spared  (30:50).  At  some  places  ships  were  seen  n"ithodt  crews; 
drifting  with  the  tide,  touching  shore  here  and  there,  atid 
spreading  the  iK>ison  everywhere  tbey  touched  (49:21;  40:13), 
just  as  in  the  country  "herds  were  seen  without  a  shepherd," 
roaming  at  will,  and  communicating  the  plague  (30:50). — for 
cattle,  as  well  as  men  and  rats,  are  subject  to  this  disease 
(30:46;  49:5;  24:8).  It  mattered  little,  however,  whether  ten 
or  a  thousand  sailors  reached  home,  for,  to  use  Covino's  ex- 
pression, "one  can  infect  the  whole  world."  And  this  seems 
less  of  an  exaggeration  after  reading  such  accounts  as  the  fol- 
lowing, by  De'Mussi  (30:52).  "Some Genoese,  who  fled  from 
the  plagne  raging  in  their  city,  betook  themseU'es  hither  to 
Piacenza.  They  rested  at  Bobbio,  and  there  sold  tbe  mer- 
chandise they  had  biought  with  them.  The  purchaser  and 
their  host,  together  with  all  his  family  and  many  neighbors, 
were  quickly  stricken  with  the  sickness,  and  died.  One  of 
these,  wishing  to  make  his  will,  called  a  notary*,  his  confessor, 
and  the  necessary  witnesses.  The  next  day  all  these  were 
buried  together.  So  greatly  did  the  calamity  increase  that 
□early  all  the  inhabitants  of  Bcbbio  soon  fell  a  prey  to  the  sick- 
ness, and  there  remained  in  the  town  only  the  dead."     And 
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a.gMa  (p.  53):  "It  was  the  same  ia  neishboriag  towos  aod 
Tillages.  Odc  Oberto  di  Sasso.  who  had  come  one  day  from 
an  infected  place  to  the  chnrch  of  the  Friars  Minor  to  make 
his  will,  called  thither  a  notary,  witnesses  and  neighbors.  All 
these,  together  with  others,  to  the  number  of  more  than  sixty, 
died  within  a  short  space  of  time. — [Besides  many  members  of 
the  various  religioas  orders]  more  than  sixty  dignitaries  and 
rectors  of  the  churclies  in  the  cilyaud  district  of  Piacenza  died. 
Of  nobles,  too,  many;  of  yonng  people  a  vast  nnmber." 

Snch  descriptions  as  this  could  be  given  of  almost  every  city 
on  the  Italian  penin.sular:  and  not  only  at  this  date,  but  during 
many  other  visits  of  the  plague,  for  Italy  was  visiled  sixteen 
times  in  the  fonrteentfa  cvntnry  (40:31).  Milan,  which  was 
the  only  iniportant  city  to  escape  in  1348.  was  not  so  fortunate 
on  other  occasions,  especially  alxjut  two  centuries  later.  Some 
of  our  most  interesting  material  will  be  found  when  we  take  up 
the  plague  of  1630  in  that  city.  And  the  description  which  it 
will  be  necessary  to  give  of  that  scourge  will  make  it  desirable 
to  omit  details  of  a  similar  nature  iu  other  places. 

It  not  only  spread  throughout  the  length  and  breadth  of 
Italy,  but  found  its  way  into  France.  Haidly  a  nook  or  comer 
of  this  country  escaped.  Li  Mulsis,  .^bbot  of  St.  Martin's, 
Tournay.  who  was  a  contemporary  of  the  events  he  describes, 
gives  a  vivid  picture  of  the  ravages  of  the  plague  not  only  in 
his  own  city,  but  in  all  France.  Avignon,  then  the  seat  of 
Pope  Clement  VI,  suffered  more  than  most  cities.  The  pope 
left  the  city  for  a  time,  and  in  order  to  make  It  possible  for  the 
sick  to  have  attentiou,  he  granted  plenary  absolution  to  all 
who  would  care  for  the  sick  (40:41);  otherwise  it  would  have 
been  difficult  to  get  any  to  do  this  work  of  mercy.  Marseilles 
was  sorely  afflicted,  as  it  was  a  centurj-or  twolater;  and  Paris 
did  not  escape.  To  show  how  nearly  universal  it  was  In 
France,  one  author  says  the  plague  went  "from  town  to  town, 
village  to  village,  from  house  to  house,  and  even  from  person 
to  person."  Indeed,  this  same  statement  could  be  made  of 
almost  all  European  countries,  and  would  be  no  great  exaggera- 
tion. 

It  had  overrun  Spain  ^  before  it  had  become  so  wide-spread 
in  France.  From  France  it  took  several  different  courses, — 
toward  Germany,  Belgium,  Holland  and  Kngland.  After 
raging  iu  England  for  a  whole  year,  it  found  its  way  Into 
Wales,  Ireland  and  Scotland,  and  in  1350.  into  Greenland  and 
Iceland.  On  the  continent  in  this  .same  year,  it  came  into 
Switzerland  apparently  from  different  directions;  it  also  visited 

*SpBta  BuHered  sreatly  again  iu  1399,  wbeo  it  waa  to  depopnUted 
that  the  law  (orbiading  women  to  marry  within  a  year  of  tticir  hus- 
bands' death  wai  siispended  (no :  I,  14^). 


GOWHK : 

Austria,  Hungary.  Poland,  Norway,  and  Northern  Barope 
generally,  reaching  Russia  tn  1351-  Thus  its  sway  in  Europe 
extended  from  1347  to  1351.  This  must  be  understood  as 
a  mere  outline,  iniended  to  give  only  a  general  view  of  the 
course  of  this  dread  disease.  It  most  be  remembered  iliat 
scarcely  a  town  or  hamlet  eiicai>ed  in  any  of  these  countries 
mentioiief),  and  iudeed,  in  some  countrieii  not  spcci6ed,  lo- 
gethirr  with  many  islands  of  tlie  sea.  Creigbton  expresses  it 
well  when  he  says  that  not  a  country  fiom  China  to  the  At- 
lantic escaped. 

One  is  naturally  curious  to  know  something  more  in  detail 
concerning  the  nature  of  a  disease  that  brought  such  wide- 
spread desolation  at  one  visitation,'  to  say  nothing  of  the  halt 
a  hundred  other  visitations  in  Europe  from  the  time  of  William 
the  Conqueror  till  the  "Great  Plague"  (1665),  and  half  ascore 
or  mote  since  that  time. 

In  general,  we  may  say  the  symptoms*  of  the  Black  Death 
were  of  two  kinds,  outward  and  inward.  Of  the  outward  signs, 
there  was  swelling  of  the  gland  (usually  in  the  armpit,  groin 
or  neck)  called  imposthumes  or  buboes;  dark  spots  on  the 
breast  or  hack, — known  as  "God's  tokens,"  usnally  shortened 
to  "tokcn.i" — (the  color  of  these  spots  gave  the  disease  its 
name  of  "Black  Death");  sometitues  carbuncles  in  the  fleshy 
parts;  lu  some  cases,  ioflanmatoiy  boils,  separate  or  conS,uent 
The  chief  inward  i^ign  was  blood- spitting,  or  as  some  say, 
"vomiting,"  but  while  this  was  found  wherever  the  plague 
raged,  it  was  not  found  in  everj-  case — not  even  in  all  severe 
cases.  I  may  uienlion.  also,  that  delirium  was  very  frequently 
present.  Many  writers  meuiion  a  gaugreuous  inflammation  of 
the  throat,  and  violent  paius  in  the  chest;  this  no  doubt  was 
connected  with  the  blood -spitting.  There  was  a  pestilential 
odor  from  the  bre.nth  of  those  who  vomited  blood.  Dr.  Hodges 
(106  :  367)  speaks  of  the  perspiration  being  purple  or  green- 
ish black  and  of  the  blood  being  colored.  In  the  East  the 
plague  usually  began  with  uosv-bleeditig,  and  this  was  a  sure 
sign  of  death,  as  blood-spittiug  was  in  the  West; — it  is  said 


'Tlie  pltfcne  returned  to  Bugland  Gtc  times  before  the  end  of  the 
fourtcentli  cento ry.  — 1361, 1368-9.  1375,  1383.  1390-1.  Had  not  the  coun- 
try been  so  depopulated  already,  the  scourpe  in  1361  would  have  rivaled 
the  Black  Death;  it  claimed  more  viclims  amoti^  childreu  (as  its 
□•me,  "fiestis  pueronttn."  iudicates}  sud  amouR  the  higher  classes 
thfto  the  plaf;ae  in  (348,— indeed  the  Black  Death  is  U9uall}r  roniiitl- 
ercd  a  disease  of  lh«  lower  classes,  but  it  did  not  spare  the  great  by 
any  means;  the  wife  nnd  a  daughter  ot  Kdward  III,  of  Hnglanrf, 
Jobanna  of  Navarre,  Johauaa  of  Qurffundy,  two  brothers  of  the  kine 
of  Sweden,  Alfonso  XI,  of  Spain,  and  others  counected  with  ro;al 
families  were  victims  of  the  plague. 

*£/.  Gasquet:  7;  Hecker:  i.  fi.;  Sprenget:  II,  606  (. 
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that  DO  one  in  England  was  known  to  live  longer  than  a  day 
if  be  began  by  vomiting  blood  (cf.  62  :  as).  I  use  "vomiting" 
and  "spitting"  interchangeably,  for  dissection  always  showed 
the  Inngs  to  be  the  |>an  affected  when  this  sytnptom  was  pres- 
ent; in  fact  ihe  lungs  were  praclically  consumed  by  a  pntrid 
inflammation.  Absolute  dissolution  seemed  to  be  aimed  at;  dis- 
section would  show  more  decay  inside  than  out.  In  the  West, 
the  lungs  were  often  attacked  and  death  was  near  before  any 
outward  signs  or  buboes  appeared,  according  to  the  account 
given  by  de  Chauliac.  Physicians  sometimes  opened  bodies 
«od  found  huge  carbuncles  inside.  The  buboes  were  fre- 
quently as  large  as  a  hen's  egg;  if  they  broke,  or  became  run* 
ntng  sores,  there  was  hope  for  the  patient,  otherwise  death 
occorred  in  a  short  time.  The  "tokens."  or  outward  signs 
which  almost  surely  indicate  death,  are  black  spots,  carbun- 
cles, or  buboes,  and  inflammatory  boils,  unless,  as  stated  above, 
the  buboes  or  boils  should  break. 

The  plague, did  not  attack  all  people  in  thesameway.  Some 
retired  at  night,  apparently  well,  and  were  found  dead  next 
morning;  some  fell  into  a  deep  sleep  from  which  they  could 
not  be  roused;  some  were  struck  suddenly  and  died  within  a 
few  hours;  others,  wild  with  fever,  could  not  sleep,  and  were 
cotistimed  with  a  deadly  thirst.  It  was  not  uncommon  for  per- 
sons who  felt  no  r>ain  to  see  the  tokens  and  then  be  dead  in  a 
few  hours.  Dr.  Hodges  (106:262)  says  that  men  who  were 
engaged  in  conversation  with  their  friends  have  been  known  to 
fall  suddenly  into  a  profound  and  often  deadly  sleep.  Dr. 
Guthrie,  who  was  in  Moscow  during  one  visit  of  the  plague, 
saw  men  fall  as  if  shot  (106:263);  some  of  these,  however, 
would  recover.  Dr.  Alexander  Russell  (p.  329)  confirms  these 
reports,  and  Antes  (p.  42)  has  known  men  to  drop  dead  with- 
out the  least  warning  sign.' 

It  must  not  be  inferred  that  the  majority  died  suddenly,  i.e., 
without  warning;  those  who  began  with  nose-blccding  or 
blood -spit  ling  might  live  a  day.  but  not  longer.  If  they  were 
attacked  in  some  other  way  they  might  live  till  the  third  day, 
the  day  on  which  most  deaths  occurred;  one  who  lived  beyond 
the  tliird  day  was  likely  to  die  the  fifth  if  he  died  at  all.  One 
who  recovered  might  be  attacked  again  and  ngain,  even  as 
many  as  half  a  dozen  times,  and  was  no  more  likely  to  die 
because  of  li:i\Hng  had  the  plague  before. 

It  can  well  be  iindL-rstofHl  that  accurate  statistics  could  not 
be  gathered  in  a  scourge  like  this;  so  we  are  prepared  for  con- 
siderable difference  of  opinion  in  regard  to  the  number  of  sick, 


1  C/.  iilto  Hecket :  6;  Ga»quet:io;  Sprcogel  :n,6o6f,:  ttapos  :1, 17a; 

Web»ier:l,  103. 
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the  percentage  of  deaths,  the  total  number  of  victinis,  and  so 
on.  Before  giving  the  estimates  of  various  authors  on  these 
points,  it  may  be  well  to  cooBUlt  the  reportis  in  regard  to  more 
recent  scourges  where  the  figures  can  be  relied  upon  as  correct. 

Dr.  Mcl.can,  who  spent  some  time  in  the  Levaot  studying 
the  plague  in  1817,  says  that  90  per  cent,  of  the  sick  died,  but 
be  foils  to  give  the  percentage  of  attack.  In  a  study  of  the 
Pali  plague  of  1836  (50:  V,  515)  Hirsch  says  that  30  per  cent, 
of  the  entire  populaiion  were  attacked  and  that  about  80  per 
cent,  of  the  sick  died, — giving  a  mortality  of  24  per  cent.,  or 
nearly  one-fourth  of  the  entire  population.  The  report  of  the 
commission  appointed  by  tbe  English  parliament  1900  and  1901 
gives  a  similar  percentage  for  Bombay.  Sternberg,  whose  in- 
vestigations are  more  recent  still,  gives  (p.  105)  the  mortality 
of  those  attacked  among  Chinese,  as  94  4  per  cent.  It  is  rea- 
sonable to  conclude,  therefore,  that  ihe  death  rate  was  no  less 
in  the  Middle  Ages  when  ignorance  of  sanitation  gave  the 
Black  Death  a  better  field  than  the  plague  can  have  in  modern 
times.  And  as  the  mortality  was  about  the  same  at  different 
times  and  places,  the  death  lists  of  some  of  the  most  important 
cities  may  give  the  clearest  notion  of  what  the  world  has 
suffered. 

Marseilles  lost  in  one  month,  16,000;  Florence.  60,000  alto- 
gether; Avignon,  60,000;  Sienna,  70.000;  Venice,  100,000; 
London,  100,000,  according  to  Barnes  and  Rickmann.'  These 
are  not  the  highest  estimates — Boccaccio  (Intro,  to  Decameron) 
gives  100,000  for  Florence,  as  against  the  60.000  mentioned 
above;  and  150,000  are  the  6gures  given  by  Gasquet  (p.  37) 
and  Anglada  (p.  431)  ^°^  Avignon;  white  Guy  de  Chauliac, 
who  was  a  practicing  physician  tbere  at  the  time,  says  (chap. 
V)  that  throe-fourths  of  the  population  had  the  plague,  and  all 
who  had  it  died.  Moscow  is  said  to  have  lost  200.000  in  one 
lisitation  of  the  plague;  during  the  "Great  Plague."  Webster 
says  150,000  died  in  Naples,  or  if  we  iuclude  the  Neapolitan 
territories,  the  grand  total  reaches  400.000  ( 1  io:I,  190).  Some 
places  lost  their  40,000  or  50,000  in  a  very  few  weeks.  In 
many  cities  i.ooo  or  1,500  in  a  day  was  not  unusual  when  the 
plague  was  at  its  height; '  and  both  Constantinople  and  Rome 


*  For  thtBO  and  otbir  cities  c/.  Hccker:33,  24;  Sprcngcltll,  606; 
HACMrrU,  196. 

■It  rosy  well  be  imatfincd  that  the  qucvtton  of  burial  was  »  very 
Mrions  one  in  litncs  of  Bnch  tuorlality,  for  the  doable  reasoa  that  the 
dead  were  so  many  and  Ihc  Hring  ao  few.  "There  were  aearcely 
enoagli  left  I0  bury  the  dead,"  is  ao  exprcMtou  used  iu  all  parts  of  tbc 
world.  In  fact,  bodice  were  aometimcs  thrown  into  the  street  and  left 
there  for  days  C4o:6o).  At  Avignon  tUc  pope  cottsecrated  the  Rhone 
90  that  bodies  might  be  thrown  Into  it  (49:15).  Michaud  says  (II, 
aS?)  that  mure  thau  400  bodies  a  day  were  counted  l^oating  down  the 
Nile.     As  a  rule,  trenches  served  for  graves:  bodie*  were  carried  by 


rSSTILBNCBS  AKD  OTHBR  BPIDSUICS. 


are  said  to  have  lost,  at  different  times,  as  high  as  ic.ooo  In 
one  day  (49:a»;  I  to:I,  69,  97).  Different  writers  estimate  that 
Italy  lost  half  its  population  altogether,  as  a  result  of  the  Black 
Death  (40:44;  49:26);  Padua  lost  two-thirds,  and  Venice 
three-fourths. — the  rest  fled  (40:26).  In  many  places  in 
Frauce  the  pestilence  carried  off  nine  out  of  ten,  according  to 
Vitodnros  (40:50).  The  number  of  Minorites  atone  who  died 
in  Italy  is  estimated  at  30.000  (44:11,  139;  40:45).  Both 
Walsingbam  and  Wood  have  estimated  England's  loss  at  the 
same  figures  given  for  parts  of  France  and  Italy,  /.  e.,  nine- 
tenths  (49:25;  40:44:  1:413  f.);  hdt  others,  more  conservative, 
give  it  as  three-fourths  or  even  one-half,'  At  any  rale,  its 
se^'crtty  in  England  was  so  great  as  to  cause  the  king  to  pro- 
rogue parliament  sereral  tiiues.  and  mate  a  tnice  with  France 
which  broke  off  the  hundred-years' war  for  six  years  (24:!.  177); 
also  so  great  as  to  break  up  Oxford  for  a  time,  and  seriously 
cripple  it  for  many  years;  of  the  thirty  thousand  students 
claimed  for  the  university  by  the  chancellor,  Fitzralph,  before 
the  Black  Death,  not  more  than  ooe-third  were  back  at  work 
about  ten  years  later  (34:!,  189;  40:210).'  Douglass  says  that 
three-fourths  of  Poland's  population  died.  Germany's  loss  is 
estimated  by  Haeser  and  others  at  about  1,500,000  (49:26). 
125.000  of  these  being  friars  of  the  "Barefooted"  order  (44:11 
139).  Many  German  town*  of  probably  200.000  wete  entirely 
bereft  of  inhabitants. — by  death  or  by  flight.  Altogether  tt 
has  been  estimated  that  not  less  than  10,000  country  towns  and 
villages  were  left  without  a  living  soul  (40:50).  The  king  of 
Sweden  said  that  scarcely  a  roan  escaped  in  Norway.  A  wil- 
derness grew  up  where  there  had  been  civilization;  lands  were 
uncultivated;  villages  and  houses  were  uninhabited  and  deso> 
lated.     Not  for  generations  did  the  country  recover  (24:!  191 ; 


th*  cirt-tood  and  dumped  loto  ditchw,  bandrrdt — «oin«  ray  thonaandi 
—in  one  ditch  (7j:I.  34i')-  And  wc  arc  lold  (73: 1,  179)  that  on  mRsy 
occattODS,  l^ecauM;  of  hcartlcssncHs  or  hftstc,  people  vrert  bnHcd  alne. 

'  Anroof;  recent  writci*  who  Iwlirvr  tbut  EuKlind  lost  half  lt«  popu- 
lation arc  CreighioD  (103&:  II,  t8S),  Corbctt  (lojn  :  II,  loo),  Cunniog- 
b>m  (p.  3;j-6)  and  Scet)obm  (pp.  9:1,  149};  Piof.  Tliorold  Rogers  does 
not  deny  Ihia  pcroeatHKc.  but  lie  believes  (p.  igi )  thnt  the  u*tia1  enti- 
mate  ol  2,$ao,ooo  for  Englaod'o  total  loss  is  too  high,  (or  that  number, 
he  concludes  from  a  calcniation  based  ou  the  proilticliTc  power  of  the 
land,  isalltbattbe  coantry  could  have  supported  twtore  tbe  Black 
Deatb:  Gaaqnet,  however,  having  ascertained  from  the  chnrch  rolls 
the  number  of  the  cterj^y,  ari{nes(p.  305,  note)  that  on  the  baals  of 
Rogers's  estimate  one  man  in  every  twenty-five  was  a  priest, — a  con- 
clasion  not  easily  accepted, 

*  One  thini;  that  shows  how  the  Black  Death  imptessed  itself  on  Ibe 
mind  of  the  EnRlisb.  is  the  fact  that  docunienu  were  afterward  dated 
from  that  event  instead  of  from  the  reigning  king,  as  bad  hceu  cus* 
comary  (54:1,4*9)- 
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40:68,  69).  It  U  estimated  that  Europe  altogether  lost  35,* 
ocw,cxx>  duriag  the  reign  of  tbe  Black  Death,  and  China  and 
the  Kast,  36,000,000  (49:30).  If  these  fijiures  are  even  ap- 
proximately correct  it  is  probably  true,  an  Hecker  says  (p.  30). 
that  one-fourth  '  of  the  earth's  inhabitants  became  victims  of 
this  terrible  scourge. 

In  speaking  of  this  tiniversal  desolation,  Petrarch,  who  saw 
the  ravages  of  the  Black  Death  tn  Parma,  expresses  himself 
thus  (Epist.:  VIII.  7):  "How  will  posterity  believe  that  there 
has  btren  a  time  when  without  the  lightnings  of  heaven  or  the 
fires  of  earth,  without  wars  or  other  visible  slanghter,  not  this 
or  that  part  of  the  earth,  hut  well  aigh  the  whole  globe  has 
remained  without  inhabitants?  We  ourselves  should  thiotc 
we  are  dreaming,  if  we  did  not  with  our  eyes,  when  we  walk 
abroad,  see  the  city  in  monrning  with  funerals;  and  returning 
to  our  home,  find  it  empty,  and  thus  know  that  what  we 
lament  is  real."  Petrarch  was  in  a  position  to  realize  the 
awfnlne!*  of  tbe  pestilence,  for  besides  seeing  so  much  himself, 
his  brother  was  in  a  monastery  where  he  had  to  bury  thirty- 
four  of  tbe  inmates;  and  worst  of  all,  perhaps,  in  his  eyes, 
Laura,  whom  he  has  inimortatized  in  his  poems,  died  of  the 
plague  at  Avignon. 

It  seems  appropriate  in  this  connection  to  quote  another 
fanxjus  writer,  Boccaccio,  who,  as  already  mentiuued.  was  an 
eye-witness  of  the  placue  in  Florence,  in  134S.  "What  mag- 
nincciit  dwellings,  what  notable  palaces  were  there  depopu- 
lated to  the  last  person  !  What  families  extinct !  What  riches 
and  va-st  possessions  left,  and  no  known  heir  to  inherit !  What 
number  of  both  sexe*»  in  the  prime  and  vigor  of  yotith,  whom 
in  the  morniug,  either  Gaten.  Hippocrates,  or  -Escolapius 
himself  but  would  have  declared  in  perfect  health,  after  dining 
with  their  friends  here,  have  supped  with  their  departed 
friends  in  the  other  work!"  (Inir.  to  Decameron). 

What  Michaud  says  (11,  187),  in  regard  to  the  uncertainty 
of  life  in  Egypt,  is  equally  true  of  many  other  places:  "It  was 
at  the  period  of  seed  time  that  the  plague  was  at  its  height; 


■  Hoescr  ( II,  137 )  estlmntes  that  tbe  world  lost  from  one-tbird  to 
one-half  of  its  |>opiilitlioii-.  Wet»ter  (I.  137).  from  one-half  to  tbree< 
fanrtbB;  Papon  (I,  104),  four-ftftbs.  Agkinnt  Meeker's  eatiuiaie  of 
60,000,000  (or  the  whole  world.  Anj^Iada  (p.  433)  makes  it  over  7j,ono,> 
000.  According  to  Gibbon  it  should  h«ve  been  even  greiiter,  (or  tbe 
world'a  loss  during  a  less  severe  icourge  (the  JuittJiilan  plague)  was 
lOO.ooo.cxio.  he  eatimates  (V,  503).  Hot  even  if  it  itc  ^mittet)  tb«t 
these  estimates  arc  far  too  great  it  does  not  luterfere  with  our  por- 
pose;  indeed,  if  tbe  figures  are  exaggerated  It  Isdae  to  the  tTemendoua 
e0ect  of  tbe  peslilencc  ou  peopl^'u  mind*;  moreover,  tbe  belief  in  its 
^eflt  dentructivcDcss  woald.  cvco  if  fal»e.  produce  some  of  the  eSecta 
which  we  nball  meet  with  later. 
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tbey  who  sowed  the  seed  were  not  the  same  that  plowed  the 
fields;  they  who  Aowcd  lived  not  to  reap  the  harvest." 

These  details  concerning  the  plague  will,  it  is  hoped,  pre- 
pare the  way  fur  a  better  uodcrstaadiag  of  what  is  to  follow. 

As  great  as  were  the  physical  effects  of  the  plagnc,  they 
were  even  greater,  if  possible,  in  the  field  of  morals.'  It  is 
true,  there  were  some  cases  of  praiseworthy  actions,  splendid 
examples  of  devotion  to  duty,  of  heroism  and  self-sacri&ce. 

Id  Liibeck.  while  the  Black  Death  was  raging,  people 
brought  their  gold  and  other  valuables  to  the  cloister  to  give 
totbechnrch;  finding  the  doors  shut  against  all  comers — to 
prevent,  if  possible,  the  entrance  of  the  plague — they  threw 
their  goods  over  the  walls  (44:11,  149,-49:24);  many  left 
their  property  to  the  church  by  will  {97;  607).  This,  bow- 
ever,  is  not  likely  to  appeal  to  one  as  an  example  of  very 
great  sacrifice,  for  with  death  at  the  door,  men  are  oot  sup- 
posed to  cling  tenaciously  to  their  worldly  possessions.  The 
sisters  of  charity  in  Paris  astonished  all  by  their  fearless  and 
devoted  attention  to  the  sick  when  more  than  five  hundred  a 
day  were  dying  at  the  Hotel-Dieu;  again  and  again  their  ranks 
were  decimated  by  the  plague,  but  volunteers  were  always 
ready  to  take  the  place  of  those  who  fell  (49:25;  40  :48). 
Monks  and  physicians,  generally  but  not  always,  lost  sight  of 
self  iu  ministering  to  others;  even  these  deserted  their  post 
when  the  Black  Death  was  at  its  height  in  Florence  (40  :  13. 
25.44.  47;  Boccaccio.  Intr..  30:53)- 

Gasquci  mentions  the  fact  that  morals  even  improved  in 
some  places.  At  Tournay,  France,  where  very  rigid  laws  were 
made  so  as  to  shut  off*  as  much  of  evil  influence  as  possible,  the 
practice  of  swearing  diminished,  and  dice  were  made  into  beads 
or  "round  objects  on  which  people  told  their  Pater  Noslers," 
according  to  Li  Muisis,  Bisliop  of  St.  Martin's,  in  that  city 
(40:52).  Rut  he  recognizes  the  demoralizing  influence  of  the 
plague:  "Instead  of  turning  men  to  God,  it  turned  them  to 
despair  in  all  parts  of  the  world.  Writers  of  all  nationalities 
describe  the  same  dissoluteness  of  manoers  consequent  upon 
theepidemic."  (4o:Intr.  xvit).  He  further  adds  this  from 
the  continuator  of  William  of  Naogis:  "People  were  afterwards 
more  avaricious  and  grasping,  even  when  thej*  possessed  more 
of  this  world's  goods  than  before.  They  were  more  covetous, 
vexing  themselves  with  contentious,   quarrels  and  lawsuits. 


'Other  pestilences  besides  the  plague,  lu  fact,  great  calamitie*  of 
•II  kiode,  affect  morals;  bat  as  tbe  plague  is,  by  far,  the  best  single 
example,  it— and  pKrltcuIarly  that  form  of  it  known  ns  the  Black 
Death — has  been  chosen  for  special  consideration  liere,  ami  otber  pes- 
tilences, (amines,  catastrophes,  etc.,  will  be  noticetl  only  incjdeatally. 
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Charity  grew  cold,  wickedness  with  its  attendant  ignorance  was 
rampant,  and  few  were  found  who  could  or  would  teach  chil- 
dren the  rudiments  of  grammar  in  houses,  cities  or  villages'' 
(40:48).  Manzoni,  also,  admits  (p.  594)  that  there  was  good 
along  with  the  bad:  "There  are  some  remarkable  cases  of  vir- 
tue in  public  calamities,  and  in  any  long  continued  disturbance 
of  settled  habits,  but  an  augmentation  of  crime  is  far  more 
general.  In  this  case  [in  Milan]  the  villains  whom  the  pesti- 
lence spared  and  did  not  terrify,  found  in  the  common  confusion 
and  in  the  relaxation  of  public  authority,  a  new  opportunity 
of  activity,  together  with  new  assurances  of  impunity."  The 
vast  majority,  however,  took  wholly  on  the  dark  side  and  agree 
that  there  was  an  unstriuging  of  the  consciences  of  the  sur- 
vivors, which  resulted  in  a  lamuntablc  outbreak  of  profligacy. 
In  giving  their  opinion,  I  shall,  in  the  main,  let  them  speak 
for  themselves. 

To  begin  with.  I  shall  quote  from  Boccaccio  (Iiitr.  to  De- 
cameron) in  regard  to  the  plague  iu  Florence:  "When  the  evil 
had  become  universal,  nil  human  feeling  seemed  to  be  gone; 
people  fled  from  the  sick  to  .save  themselves.  Others  shut 
tbemseU'CS  in,  living  aloof  from  others  No  news  of  affair* 
outside  was  permitted.  They  spent  their  time  in  music,  sing- 
ing and  other  pastimes,  but  did  not  go  to  excess.  Some  con- 
sidered eating  and  drinking  to  excess,  amusements  of  all  kinds, 
the  indulgence  of  every  gratification,  and  indifference  10  what 
was  passing  around  them,  as  the  best  medicine,  and  they  acted 
accordingly.  They  wandered  day  and  night  from  one  tavern 
to  auother,  and  feasted  without  moderation  or  bounds.  They 
abandoned  home  and  all  property  like  men  whose  death-knell 
had  already  tolled.  Amid  the  general  lamentation  and  woe 
the  influence  and  authority  of  every  law,  human  and  divine, 
vanished,  and  evcr>*  one  acted  as  he  pleased." 

Hecker  (p.  49)  puts  it  even  more  strongly,  in  these  words: 
"Compassion,  courage  and  the  nobler  feelings  were  foand  in 
but  few,  while  cowardice,  selfishness  and  ill-will,  with  the 
baser  passions  in  their  train,  asserted  their  supremacy.  In 
place  of  virtue,  which  had  been  driven  from  the  earth,  wicked- 
ness evcr>'wbcrc  reared  its  rebellious  standard,  and  succeeding 
generations  were  consigned  to  her  baleful  tyranuy." 

Tytlcr  {pp.  3-4)  speaks  of  moral  degeneration,  deaertiou  of 
children  by  parents,  and  desertion  of  parents  by  children,  of 
stealing  and  murder,  and  the  cruel  mode  of  preventing  or  pun- 
ishing these  (as  by  breakin;;  on  the  wheel  of  torture)  and  also 
of  the  sick  and  suspects  being  killed,' — all  ol  which  indicate 
the  tremendous  effects  of  the  plague. 

1  Dr.  Creitiliioti  (pp.  49t  f.).  quote*  John  Davies  as  authority  lor  the 
statement  tbat  ■  person  was  drowtie<t  (by  order  of  Sir  Herbert  Croft, 
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AssaUoi,  who  lived  in  the  I^evaat  during  a  scourge  of  the 
plague,  agrees  with  the  others  when  he  says  (p.  89)  that  "Our 
sick  are  separated  frotu  the  rest  of  the  faiuily,  and  abandoned 
to  their  unfortunate  lot,  the  mother  even  refusing  to  carry 
assistance  to  her  own  son  during  the  agonies  of  deaUi,  and  the 
huAband  not  daring  to  approach  the  dearest  object  of  his  affec* 
tions,  who  requests  from  him  a  drop  of  water,  in  a  voice  the 
most  tender  and  supplicating." 

Gabriel  de  Mu-ssis  (30:  55).  who  was  a  notary  in  Genoa 
when  the  Black  Death  reached  there  from  Caffa,*  describes 
scenes  in  bis  city  exactly  like  those  witnessed  by  Assalini  in 
the  Levant. 

In  speaking  of  the  awful  calamity  that  befell  Muscovy,  in 
1603,  when  the  pla);ue  and  the  famine  combined  claimed  500,- 
cco  victims,  Noah  Webster  uses  this  language:  "Parents  de- 
voured their  dying  children;  cats,  rats  and  every  unclean 
thing  was  used  to  sustain  life.  All  ties  of  nature  and  morality 
were  disregarded;  human  ilesh  was  exposed  for  sale  in  the 
open  market.  The  more  powerful  seized  their  neighbors; 
fathers  and  mothers,  their  children;  husbands,  their  wives, 
and  offered  them  for  sale"  (110:  I,  171-2;  rt^  68:11,  187-9; 
106  :  4S-9;  49  :  30).  These  effects  were  probably  due  a.s  much 
to  the  famine  as  to  the  plague;  in  general,  it  may  be  said  that 
famiuebas  quite  as  demoraliiEing  and  "denormaliziug"  an  effect 
as  the  plague.  According  to  Dr.  Cretgbton  (103a  :  II,  161) 
the  severe  famine  in  Kngland  in  the  early  part  of  the  fourteenth 
century  not  only  caused  people  to  eat  the  flesh  of  dogs  and 
horses,  but  caused  the  inmates  of  jails  (prbuns  were  full  of 
theives)  to  fall  on  and  devour  any  new  arrival  who  had  flesh 
enough  to  tempt  them.  Michaud,  in  bis  ''History  of  the 
Crusades,"  in  speaking  of  a  famine  in  Egypt  in  the  thirteenth 
century,  says  (II.  187)  that  famine  rendered  every  man  an 
enemy  of  his  fellows,  and  made  him  insensible  to  pity,  shame 
and  remorse.  In  the  same  connection  (p.  1S6),  he  says  that 
this  terrible  pair  (plague  and  famtue)  not  only  caused  mothers 
to  devour  their  children,  but  caused  people  "to  dispute  with 
worms  the  right  to  the  spoils  of  coffins."  He  also  adds  that 
famine  and  voluptuousness  formed  a  hideous  union;  that  all 
the  vices  of  the  infamous  Babylon  prevailed;  that  impure  love, 


oneof  tbe  counHt  of  the  Marctiea  of  Wales)  In  order  to  prevent  infee* 
tioo;  FapOD  (I,  179)  t^ivcs  a  ciue  of  burying  slivc;  Gaaqaet  (p.  13S) 
ftpcaks  of  the  same;  10  fact,  many  othera  coold  be  giTcu  who  agree 
with  thrit?. 

'Dc  Muui*  was  loQK  believed  to  have  tpcnt  the  two  or  three  yesrs 
preceding  tbe  Dlitck  Dexth  in  Cafia.  nnd  to  have  been  in  thst  citj  diir> 
ing  tbe  aiege,  hut  recent  invent igKtiou  »bows  no  break  in  bit  records 
as  notary  in  Genoa  till  many  years  after  the  plague. 
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unbounded  passion  for  play,  with  all  excesses  of  debauch,  were 
mingled  with  images  of  death; — and  this  among  thecrasaders 
themselves.  Modern  instances  are  cited  by  Mr.  J.  E-  Scoti 
and  Mr.  Julian  Hawtbome,  both  of  whom  have  recently  Men 
the  combined  effects  of  plague  and  famine  in  India.  The 
former  saw  a  mother  and  her  starving  infant  crtielly  robbed 
of  money  which  he  had  just  given  her.  The  latter  speaks  of 
caHc.t  in  which  even  the  maternal  instinct  v/aa  annihilated; 
children  were  robbed  of  food  and  left  to  starve  even  by  their 
own  mothers  (48  :  3S0). 

According  to  Gibbon  (III.  206)  the  effects  of  violent  earth- 
qnakesarc  the  same:  "Tn-stcad  of  the  mutual  sympathy  which 
might  comfort  and  assist  the  distressed,  they  dreadfully  expe- 
rience the  vices  and  passions  which  are  released  from  fear  of 
punishment;  the  houses  are  pillaged  by  intrepid  avarice,  re- 
venge embraces  the  moment  and  selects  the  victim;  while 
veugeauce  frequently  overtakes  the  assassin  or  ravisher  in  the 
consummation  of  his  crime." 

Mezaray  (quoted  by  Papon,  I,  123)  says  that  war  needs  to 
be  classed  with  the  plaRue:  "At  all  times  it  was  a  strange 
thing  that  neither  the  scourge  of  war  nor  that  of  the  pest  is 
able  to  currect  our  nation.  The  dances,  the  pomps,  the  games 
and  the  tourneys  continued  always;  the  French  danced,  so  to 
.speak,  on  the  graves  of  their  parents;  Ihey  seemed  to  testify  of 
their  rejoicing  over  the  conQagration  of  their  house  and  of  the 
death  of  their  friends." 

Returning  to  the  Black  Death,  Villani  says  that  among 
the  effects  on  the  survivors  of  the  plague  in  Florence  may 
be  mentioned  idleness,  dissolute  morals,  sins  of  gluttony, 
banquets  iu  tavcrus,  unbridled  luxury,  fickleness  iu  dress, 
and  constant  change  according  to  whim.  He  also  says 
that  Christian  parents  deserted  their  children  id  a  way  that 
might  perhaps  l>e  expected  of  infidels  and  savages. 

In  speaking  of  the  Justinian  plague.  Procopius  says  that 
whether  by  chance  or  providential  design,  it  strictly  spared 
the  most  wicked.  This  statement  is  important  in  that  it 
shows  the  geueral  state  of  morality,  but  it  is  false  iu  so  far 
as  it  intimates  that  the  wicked  who  were  spared  constituted 
the  wicked  half  of  mankind  before  the  plague,  and  that  the 
good  half  died;  i.  e.,  this  view  overkwks  the  part  played  by 
the  plague  in  bringing  about  the  bad  moral  condition  spoken 
of.  Another  writer  speaks  of  it  as  being  "a  well  ascertained 
fact,  strange  though  it  may  seem,  that  meu  are  not  made  bet- 
ter by  great  and  universal  visitations  of  Divine  Providence.  It 
has  been  noticed  that  this  is  the  evident  result  of  all  such 
scourges.  Krom  Italy  to  }',ngland.  it  seemed  to  rouse  the 
worst  passions  of  the  human  heart,  and  to  dull  the  spiritual 
sense  of  the  soul"  (40:216). 
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Wadding,  the  Franciscan  annalist,  says:  "This  evil  wrought 
great  destructioa  to  the  holy  bouses  of  religion.  .  .  .  From 
this  time  ou,  the  mooastic  order  bci^an  to  grow  tepid  and  neg- 
ligent both  ID  that  piety  and  learning  in  which  they  had  up  to 
that  time  flourished"  (40:216).  Dr.  Cnnningham  (I,  275J 
adds  that  the  ivhole  social  structure  was  dtsorgntiized.  Tonr- 
nay,  vs&s  not  alone  in  having  unmarried  men  and  women  live 
together  as  man  and  wife.  So  flagrant  did  this  practice  be- 
come  in  one  or  two  places  where  the  moral  sense  was  not 
wholly  lost,  special  laws  were  passed  to  prevent  it  (40:51). 
Langland,  whose  "Piers  Plowman"  was  intended  to  correct 
the  wickedness  which  followed  the  Black  Death  in  Engiand, 
speaks  of  this  same  species  of  immorality  in  hi»  country. 

We  learn  from  Thucydides  (III.  53),  that  the  calamity  was 
bucb  at  Athens  that  men  grew  reckless  of  all  law,  human  and 
divine,  for  no  punu^hmenc  was  feared;  no  fear  of  God  or  law 
of  man  deterred  a  criminal.  The  pleasure  of  the  moment  took 
the  place  of  honor  and  expediency.  Men  resolved  to  enjoy 
themselves  while  they  livL-d;  they  were  bold  in  their  indul- 
gence in  crime;  and.  as  we  might  e.rpect,  worse  forms  of  law- 
leasDCss  were  introduced  into  Athens  tbau  had  been  known 
there  before. 

Papon  (I.  257)  uses  the  following  language:  "Who  would 
think  that  in  the  midst  of  horrors,  so  suitable,  it  would  seem, 
for  extinguishing  the  pawions,  there  should  be  found  two  pas- 
sions which  should  be  carried  to  so  high  a  degree, — libertinism 
and  greed.  Libcrtiiiism,  aroused  by  the  frequent  occasions  of 
satisfying  it,  fed  itself  by  the  excess  which  I  am  ashamed  to 
describe."  The  streets  were  often  the  scene  of  the  most  re ■ 
volting  indecency  and  wickedness.  Indeed  it  is  said  that 
pedesttians  sometimes  found  it  difficult  to  walk  the  streets  at 
night  in  some  cities,  for,  aside  from  the  obstruction  offered  by 
the  corpses  scattered  here  and  there,  the  street  was  used  for 
nnboly  purposes  by  shameless  libertines.' 

Dr.  P.  Russel,  who  studied  the  effects  of  the  plague  at  first 
hand  in  Italy,  says  (I,  311)  this  in  regard  to  Genoa:  "Amid 
so  many  dreadful  fears  and  terrors,  amid  so  many  fetid  and 
putrefying  bodies,  amid  the  shrieks,  the  sighs  and  the  groans 
of  the  sick,  what  would  you  have  expected?  That  people 
struck  with  dread  and  horror  would  remain  sad,  modest  and 
quiet.  But  not  so.  They  sang,  played  on  instruments, 
danced; — Genoa  was  never  seen  so  shameless  and  disorderly. 


)  I  sm  informed  by  ey«-«ritncssce  that  BC«n«»  like  tbii  occnrTed  in 
GbItcsioq  during  the  flood  in  1900,  and  thAt  bold-nps  and  robbery 
were  so  common,  so  d&riug,  and  60  opeiily  engafced  in,  it  txc&mc  nc- 
crsMrv  (or  ihe  t;">rd9  to  shoot  down  tbe  offenders.  One  of  Nevada's 
miniot;  towns  wu  having  a  similar  experience  when  tbe  abov<  was 
written. 
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.....  There  was  gathered  a  vintage  for  the  lasciviousoess. 
Many  marriages  were  celebrated  in  the  lazarettos  ;  aud  many 
womcu,  without  shedding  a  tear  for  their  hu.sbands.  immedi- 
ately entered  into  new  enga cements. '  One  day  in  particular 
five  marriages  were  performcd^four  of  the  bridegrooms  being 
buriers  of  the  dead,  dressed  in  the  clothes  stripped  from  the 
bodies  of  the  deceased."  And  in  regard  to  Messina  at  a  later 
dote,  he  quotes  an  Italian  authority:  "  It  has  always  been  ob- 
served  that  after  every  plague,  those  who  recover  arc  addicted 
in  an  extraordinary  degree  to  lewdness  and  incontinence ; — 
this  was  surprisingly  visible  at  Messina,  and  was  carried  to 
such  a  degree  of  frenzy  that  many  were  known  to  violate  the 
dead  bodies  of  virgins"  {loc.  cit.), 

Balwer  i»  not  far  wrong  in  saying  that  "  the  fiery  pestilence 
was  like  a  demon  loosed  iVom  the  abyss,  to  shiver  into  atoms 
all  that  binds  the  world  to  virtue  and  to  law." 

The  following  extract  from  Haeser  (II,  I44f.).  will  show 
the  opinion  of  a  modern  German  writer  who  is  the  author  of 
an  exhaustive  history  of  medicine,  aud  who  has,  therefore, 
thoroughly  canvassed  the  whole  field,  and  sifted  all  the  evidence: 
"A  view  of  the  moral  condition  is  most  depres.s.ing.  It  shows 
that  even  the  greatest  misfortune  cannot  turn  the  mind  of 
men  from  the  nothingness  of  the  earthly,  and  fill  it  wilh  the 
coaceptioa  of  a  higher  destiny.  The  loss  in  the  moral  realm 
was  even  greater  than  in  the  physical.  Hardly  had  the  terror 
of  the  Black  Death  swept  over  the  people  before  all  their  lower 
passions  broke  forth  more  unbridled;  and  the  more  easily 
could  they  be  satisfied  through  the  rich  inheritance  of  the  too 
soon  forgotten  offering  of  the  contagion.  It  seemed  that  the 
fearful  proximity  of  death  had  only  heightened  their  enjoy- 
ment and    pleasure  in  life.      The   meanest  sordidness   took 

possession  of  men Crime  exalted  its  head  al»ove 

shame,  for  no  man  was  there  to  take  the  taws  in  haud.  Theft 
and  robbery  took  the  upper  hand,  and  even  the  evident  danger 
of  death  did  not  frighten  the  unbridled  gain-seeker  away  from 
taking  possession  of  the  unguarded  property  of  the  dead. 
Even  the  church  was  guilty  here  and  there."  From  the  testi- 
mony of  all  these  authors  whu  have  bnmght  forward  this 
array  of  facts  in  regard  to  the  prevailing  iudifference,  levity, 
frivolity  and  crime,  accompanying  pestilences,  one  i.«;  ready  to 
conclude  that  there  was  an  almost  universal  adoption  of  the 
fool's  motto,  "Eat,  drink  aud  be  merry,  for  to-morrow  you 
may  die." 

iPftpoij(I,3a4)Mys  that  women  were  married  within  twenty.fonr 
bour»  froEu  the  death  of  tbeir  faugbaadBi  that  sotnctitnes  thcT  mar- 
ried (our  or  Ave  times  in  close  iucccssion, — they  teemed  to  have  a 
peacbant  for  matrimony. 
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The  striking  similarity  in  these  different  accounts  is  really 
the  best  proof  of  their  tni.stwortbine!is.  When  simple  annalists 
of  remote  cloisters,  business-like  or  courtly  chroniclers  of  im- 
portant cities,  poets  and  litteraieuri  like  Boccaccio  and  Petrarch, 
physicians  like  de  Cbualiac  and  Covioo,  and  writers  who  are 
entitled  to  rank  as  historians,  all  show  such  similarity  of  ex- 
pression, it  is  only  because,  as  Gasquet  says  (p.  i6),  "the 
same  ideas,  the  same  words  suggest  themselves  involuntarily 
to  one  and  all;  and  it  is  only  when  we  come  to  examine  the 
whole  body  of  e\'idence  that  there  is  borne  in  upon  the  mind  a 
realization  of  the  nature  of  a  calamity  which,  spreading  every- 
where, was  everywhere  the  same  in  its  horrors,  becoming  thtis 
nothing  less  than  a  world-wide  tragedy,  and  it  Is  seen  that 
even  the  phrases  of  the  rhetorician  can  do  no  more  than  rise 
to  the  terrible  reality  of  fact." 

Any  account  of  the  Black  Death  which  aims  to  present  the 
facts  which  are  interesting  from  the  psychological  point  of 
view,  would  be  incomplcie  if  it  omitted  certain  of  the  super- 
stitions connecied  more  or  less  directly  with  the  plague.  The 
superstition  which  involved  the  Jews  is  one  of  these,  and  one, 
too.  which,  because  of  its  consequence,  should  be  given  in  con- 
oection  with  the  facts  which  have  just  been  described. 

It  was  generally  believed  that  the  plague  was  disseminated 
by  means  of  poisonous  p<iw(lors  or  unctions,  and  the  popular 
hatred  of  the  Jews  led  to  the  accusation  of  that  people.  They 
were  supposed  to  have  manufactured  a  poison  from  spiders, 
toads,  bats  and  owls' — -somewhat  like  that  the  witches  brewed 
in  Macbeth — and  to  have  put  it  into  wells  and  springs.  The 
panic  which  this  belief  caused,  is  said  to  have  seized  all  na- 
tions; In  Germany  it  was  especially  great,  and  resnlted  In  the 
wells  and  springs  being  built  over  so  as  to  make  it  impossible 
for  the  water  to  be  used.  Thus  whole  towns  were  forced  to 
use  river  water  or  rain  water  as  long  as  the  craze  lasted 
{49:42). 

The  feeling  against  the  Jews  for  this  supposed  poisoning  be- 
came very  intense,  and  shewed  to  what  extent  even  sensible 
people  can  be  carried  by  a  popular  wave  of  irrational  excite- 
ment. Germany  seems  to  have  been  the  scene  of  the  most 
diabolical  treatment  of  these  people,  though  there  were  few 
places  where  they  were  not  regarded  as  outlaws,  and  dther 
banished  or  burned  (97:11,  608).  All  classes  bound  themselves 
by  an  oath  to  extirpate  the  Jews  by  fire  and  sword  (49:42). 
In  Basle,  the  populace  forced  the  burgomasters  and  senators  to 
bind  themselves  by  an  oath  to  baru  all  Jews  then  in  the  city, 

*  Cf.  Hcckcr,  40;  Guqnet,  41;  lUeacr,  II,  156. 
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and  to  forbid  any  of  that  nationality  from  entering  it  for  the 
space  of  two  hundred  years.  So  without  sentence  or  trial,  all 
the  Jews  in  Basle  were  collected  into  a  wuodvn  building  and 
burnt  together  with  it  (/w.  cit.').  Shortly  after,  the  same  thing 
happened  at  Freyburg.  and  Bennefeld  in  Alsace  (/-«■.  di.).  At 
Spires  the  Jews  assembled  in  their  own  dwellings  ai>d  set  fire 
to  them,  and  thus  consumed  themselves  and  families,  preferring 
to  die  by  their  own  hands  rather  than  furnish  a  holiday  for  this 
savage  moltiiude.  The  senate  reserved  to  itself  the  right  to 
search  for  treasure  in  the  ruins.  Many  Jews  were  murdered  in 
the  streets  and  their  bodies  put  into  empty  wine  casks  and 
rolled  into  the  Rhine  (49:43).  When  these  wild  passions  were 
linked  with  religions  fanaticism,  such  as  we  shall  see  later  in 
the  Flagellants,  we  find  the  most  damnable  practices.  Some 
thought  they  could  appease  the  wrath  of  an  offended  God  by 
converting  the  Jews,  and  they  set  about  the  task  with  a  zeal 
that  knew  no  bounds.  The  Mohammedans  could  never  have 
been  more  radical,  unreasonable  or  cruel  than  these  so-called 
Christians.  At  the  point  of  the  sword  many  Jews  pretended  to 
be  converted,  but  later,  some  of  them,  preferring  death  to  a 
living  lie,  slew  themselves.  Finally  there  arose  a  desire — a 
zeal,  on  the  part  of  the  Jews,  to  die  as  martyrs  (49:44), — 
a  fact  that  is  interesting  from  our  point  of  view.  At  Eslingen, 
the  whole  Jewish  community  shut  themselves  up  in  their  syna- 
gogue, and  set  fire  to  it  {44:11,  157).  At  Mayence,  a  conflict 
between  the  Jews  and  a  body  of  religious  fanatics  (of  whom  we 
shall  learn  presently)  resulted  in  the  death  of  twelve  hundred 
Jews,  most  of  whom  burned  themselves  in  their  own  houses 
(49:44:  44:11,  157).  The  same  thing  took  place  at  Munich, 
Constance.  Ulm,  Augsburg  and  other  places  (1:422;  44;  II, 
157).  When  the  Jews  were  burned  for  rejecting  Christianity, 
it  was  not  unusual  for  a  mother  to  throw  her  infant  into  the 
flames,  rather  than  see  it  baptized,  and  then  leap  in  after  it 
(49:44;  44:11.  158). 

Thus  on  both  sides  we  see  what  may  be  called  mental  aber- 
ration, on  a  scale  never  seen  before  or  since,  in  the  history  of 
the  world.  But  it  would  be  unjust  to  those  times  not  to  men- 
tion the  fact  that  there  was  some  humanitarian  spirit  left,  es- 
pedslly,  it  would  <H.tm,  among  thcit  in  authority.  The  depu- 
ties of  Strasburg  voted  against  the  punishment  of  the  Jews,  in 
the  convention  at  Bennefeld.  Pope  Clement  VI.  protected  the 
Jews  at  Avignon,  and  admonished  Christians  everywhere  to 
quit  such  groundless  persecutions, — but  all  in  vain.  Hmperor 
Charles  IV  did  what  he  dared,  to  protect  them,  but  he  could 
not  prc\'cnt  the  BohcmiRn  nobles  from  releasing  themselves 
from  their  Jewish  creditors:  in  some  places  the  authorities  even 
forced  the  Jews  to  return  the  bonds  they  held  against  others 
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(49 -4S:  44:  XI.  159}'  "^c  Duke  of  Austria  pillaged  and 
bumcd  many  of  his  own  cities  that  had  been  f^ilty  of  perse- 
cuting the  Jews  (49;  45). — but  this  was  a  strange  way  to 
show  a  huiunuitariau  spirit;  probably  it  furnished  him  a  pre- 
text to  gather  wealth  for  himself.  NotwiEhstandiiig  the  good 
intentions  manifested  in  their  behalf,  the  Jews  could  have  but 
little  assurance  of  safety  except  in  distant  parts  of  Europe; 
thus  Lithuania  twcame  for  tbeiKcond  time  a  place  of  refuge  for 
them  (49:  46;  58;  1929). 

Before  leaving  the  Jews  we  should  notice  one  thing  particu- 
larly, /.  £.,  that  confessions  were  wade  by  many  who  were  in- 
nocent.* Similar  confessions  have  often  In-en  extorted  from 
witches,  or  even  made  by  them  voluntarily,  and  that,  too, 
when  escape  from  punishment  could  not  be  hoped  for  as  a  re- 
sult of  confe^jsion.  The  &anie  thing  is  met  again  in  lycau- 
throphy:  and,  indeed,  as  has  beeu  remarked,  it  ia  unusual  for 
very  many  to  believe  for  any  length  of  time  that  something  ex- 
tranrdioary  is  being  done  without  some  one  coming  forward 
who  believes  himself  guilty. 

Another  superstition  which  brought  serious  results  ia  an  en- 
tirely different  way.  was  the  belief  that  a  religious  procession ' 
would  be  the  means  of  staving;  the  pla)i;ue,  whereas  no  more 
efficacious  means  could  possibly  be  devised  for  iis  spread.  In 
Milan,  Avignon,  and  practically  alt  the  cities  from  Italy  to 
England,  elaborate  and  quite  spectacular  processions,  in  which 
thousands  took  part,  were  of  common  occurrence  during  the 
Black  Death,  and  other  visits  of  the  plague;  indeed,  the  cus- 
tom did  not  end  with  the  Middle  Ages. — it  is  practiced  to-day 
in  India,  and  the  Philippine  Islands,  and  prribably  in  other 
places.  At  Oberammergau,  the  people  resorted  not  to  a  reli- 
gious processiou  but  to  a  religious  play, — ^they  made  a  vow  that 
if  God  would  stay  the  pestilence,  they  would  honor  Him  by ' 


■The  confeasion  of  a  namber  of  Jews  at  Chillon,  September,  1348. 
CKiu«4l  the  jieritvcutian  0/  titeir  raci?  to  be  much  greater  than  it  wonld 
probably  buve  been.  KouiK^hoveu  has  pre»erve'l  the  original  pro- 
ceedings of  this  triftl,  extraitft  of  which  are  giveo  in  the  appendix  to 
Hecker. 

'The  tituplicitr  and  superstition  of  «ren  the  bisber  clatM*  as  late 
as  1475  <»  well  shown  by  the  foct  recorded  by  Rydbef:^  (90:361)  tbat 
tbe  bishop  of  I^usanue  i»suei1  a  letter  of  excommunication  to  the  ia- 
»ecu  wbicb  were  ItifestinK  parts  of  Switterland.  The  letter  began 
thns:  "Thou  irrntional  creature,  tbon  Maj-bue,  ihon  whoite  kind  was 
ocrer  inclosed  In  Nonb's  ark:  in  the  name  of  the  Bishop  o(  Laasanne, 
by  tbe  power  of  tbe  glorified  Trinity  throngh  the  merits  of  J  esns 
Cbrist,  and  by  the  obedience  you  owe  the  Holy  Church,  I  cotnmand 
yon  tu  depart  fiom  all  places  where  nourishment  for  man  and  cattle 
germinates  and  grows."  They  were,  moreover,  summoned  to  trial 
and  ao  attorney  duly  appointed  to  defend  them,  the  summoos  being 
solemnly  read  by  a  prieat  iu  the  cbuichyord  at  Berne  {loe.  eit.). 
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producing  this  play  ouce  every  ten  years  forever, — and  so  we 
have  had  tbe  Passion  Flay  through  all  the  succeeding  centuries.' 
Not  ouly  is  it  believed  that  the  plague  was  spread  and  the 
mortality  increased  by  superstitions  that  led  to  processions, 
and  by  superstitions  such  as  those  that  prevail  in  India  to-day, 
and  thwart  every  effort  of  the  lingliiii  government  to  slamp 
out  the  plague:  it  is  coufideutly  believed  that  the  popular  state 
of  mind  had  a  direct  efiVrct  on  the  death-list.  In  the  introduc- 
tioa  to  the  Decameron,  Boccaccio,  recognizing  the  principle 
that  "pleasant  thoughts  are  the  best  preventive."  represents  a 
gronp  of  persons  as  withdrawing  to  a  quiet  place  in  the  coun- 
try, »nd  giving  themselves  up  wholly  to  pleasure.  All  inno- 
cent  sports  and  amusements  were  sought,  but  no  oue  was 
permitted,  under  any  circumslauces,  to  bring  any  bad  uc^T5, 
or  mention  anything  of  an  unpleasant  nature.  The  duty  of 
devising  new  plans  for  passing  the  time  pleasantly  fell,  each 
day,  to  a  "queen"  appointed  for  that  special  purpose.  Story- 
telling was  suggested  by  one, — and  the  Decameron  was  the  re* 
suit.  Bulwer,  following  Boccaccio,  has  a  crowd  of  pleasure 
seekers  in  his  "Kienzi."  And  lh]&  was  not  merely  a  nuvclist's 
fancy — there  was  an  historical  basts  for  what  l>oth  writers  do. 
Pleasure  parties  were  actually  organized.  About  the  time  the 
Flagellants  were  so  active  companies  were  organized,  or  rath- 
er the  members  came  together  without  any  organization,  and 
marched  from  city  to  city,  engaging  in  the  wildest  revels.  As 
bad  as  these  people  were,  they  were  often  taken  for  the  Flagel- 
lants (who,  as  we  shall  see,  were  an  avowedly  religious  body), 
so  much  alike  were  their  nocturnal  debauches.  There  were 
some,  who,  avoiding  this  excess,  chose  a  middle  course,  and 
tollowed  literally  Assilini's  advice  (p.  93):  "Banish  melan- 
choly and  fear,  live  well,  and  avoid  all  excess;  if  you  read, 
choose  amusing  books, — not  those  that  treat  of  the  plague." 
This  calls  to  mind  the  law  passed  in  some  cities,  forbiilding 
the  publication  of  the  death  list  because  of  the  depressing  effect 
on  the  sick;  and  also  the  law  again.st  funeral  bells,  for  the 
same  reason,  at  Touruay,  Florence  and  other  places  (40:53; 
49:36).  Papon  believed  iu  the  power  of  the  mind  over  the 
body,  for  in  various  places  he  expresses  the  opinion  that  "the 

1  The  history  of  th«  "Mxrieuliecl"  i*  recalled  in  this  connrction. 
When  Goldberg,  Germany,  wu  apparently  berefl  of  all  ks  iahnbitants, 
ODC  man  rnmc  forth  from  his  hiding  plAce.  «nd  helicving  blnl^e1f  to 
be  the  only  one  spared  began  to  »ing  the  famous  sook.  A  responsive 
voice  from  a  near-by  house  revealed  a  second  Hurvivor;  togttlicr  the 
two  marclied  tbroUf{h  the  streets  of  the  <Ic«(l  city  oingin);,  *nfl  were 
joined  by  others  till  they  numbered  tweuty-Sve— nil  that  were  left  alive. 
It  was  Chriatmas  morniof^.  end  the  hour  was  two  o'clock:  at  the  same 
hour  every  Chrtfttnias  morning  *inte  that  time,  the  -people  haTC 
matched  tbroui^h  the  streets  of  that  tuwn  singing  the  "MarienlieO." 
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solicitude,  the  abandon,  the  lack  of  all  things  produced  dis- 
eases without  number"  (73:181.  31a).  Thdcydides  says  that 
"people  who  abandoned  themselves  to  despair  threw  away  the 
one  chance  of  life"  (111,  47  f.)-  All  this  harmonizes  with 
the  remark  of  Assalini,  Papon  and  others,  that  persons  of 
sanguine  temiwrament  resisted  well  (6:31).  The  influence  of 
the  mind  is  further  shown  in  the  statement  of  Gasquet  (p.  47) 
that  sickness  and  death  often  result  from  the  imagination. 
Furthermore,  fear  played  an  important  part  in  augraeating  the 
death  roll,*  50  most  writers  on  the  subject  believe  (49:377;  40: 
11,47).  ^^-  P.  Russel,  during  his  slay  in  Italy,  became 
thoronghly  convinced  that  "the  plague  often  followed  the 
panic  fear  of  it;"  he  believed  that  the  latent  infection  was  ex- 
cited by  terror  (106:262).  Antes  (pp.  44-6)  accounts  for  the 
greater  mortality  among  the  lower  classes  by  thetr  greater 
snperstitioD.  Rivinus  attributes  the  propagation  of  the  plague 
in  Leipzig  to  fear;  Willis  maintains  that  thate  who  ft-ar  small- 
pox are  the  6rst  to  be  attacked;  Chieue  says  it  ts  the  same 
with  all  epidemics,  and  Dr.  Rogers  agrees  with  this  when  he 
nys  that  fear  has  much  to  do  with  the  spread  of  all  contagious 
diseases  (52:14).  Dr.  Quintero,  who  was  a  hospital  i)hy.sician 
in  the  Canary  Islancl.s,  says  (pp.  14  f. )  that  fear  made  the  epi- 
demic of  yellow  fever  much  worse;  he  adds  that  his  imagina- 
tion got  such  control  over  him  that  he  showed  the  symptoms 
of  the  disease,  and  had  to  be  removed  from  the  midst  of  the 
snSerers.  A  modem  medical  authority.  Dr.  C.  L.  Tuckey. 
writing  on  psycho- therapeutics  (Wood's  Medical  and  Surgical 
Monographs  VIII,  p.  728),  says  there  are  fear-begotten 
diseases  of  almost  all  kinds,  among  which  he  specifics  measles, 
cholera,  and  plague.  Sir  V.  A.  Swetteoham.  in  the  preface 
(p.  viii)  to  his  recent  book,  "The  Real  Malay,"  tells  of  a 
medicine  man  selling  "charms"  to  the  natives  to  prevent  the 
epidemic.  To  use  his  own  words.  "The  Black  Death  has  a  way 
of  aiucking  the  fearful;  but  the  Destroying  Angel  passes  by 
the  door  of  those  who  sleep  in  the  happy  confidence  of  security 
through  the  pa«cssion  of  a  bit  t>f  magic  string."'  The  com- 
parative immuuity  of  the  Mussulmans  (remarked  by  Dr. 
McLean,  who  lived  among  them)  cannot  be  accounted  for  ex- 
cept on  the  basis  of  the  influence  of  the  mind  on  the  body; 
their  fatalism,  although  it  keeps  them  from  all  precaalion, 
frees  them  from  fear  and  terror  and  low  spiriu.  Personal  in- 
formation from  Profs.  G.  T.  Ladd  and  E.  Washburn  Hopkins. 

'De  Foe  *«y«  lh«t  lu  Ix>n(I»n,  jp  1665,  twrnty-thtce  dvntbs  were  re- 
Dorted  as  caused  by  fear;  sixteen  in  1666,  and  seven  ia  16^ — one  death 
feeing  the  RTf  rnge  for  onlinarr  ycam. 

^A  similHr  expliinatloii  niiif^t  be  ^rea  of  the  sprinkliug  of  blood 
DO  the  Hntelt  sad  door-po«ts  dnring  the  Ust  of  the  pUgnea  of  Egypt. 
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both  of  whom  have  recently  studied  the  plague  at  first-hand 
in  India,  confirms  this  position.  And  not  only  are  fatalists 
ksfl  likely  to  be  attacked  by  the  plagne,  the  same  is  true  <^ 
those  who  for  any  reason  consider  themselves  immone,  as  in 
the  case  of  the  Farsees,  who,  according  to  Prof.  Hopkins,  were 
among  the  last  to  take  the  plague,  but  who  died  very  rapidly 
when  they  did  take  it,  for  they  became  convinced  that  they 
were  not  immune,  and  naturally  their  equanimity  gave  way  to 
fear  and  terror.  In  the  palace  at  Versailles  is  a  picture  repre- 
senting Napoleon  visiting  plague  patients  in  a  hospital  in 
Egypt;  and  we  are  told  that  the  great  general  went  among  the 
sick  in  order  to  prove  that  a  strong  will  conld  resist  the  di- 
seaae  (]tt:t26). 

In  brief,  we  bai'c  seen  that  melancholy  and  fear  are  the  two 
ominous  precursors  of  the  plague;  wchavcsecn  that  the  consen- 
60S  of  opiuiou,  the  uuiversal  agreement  of  physicians  and  other 
scientific  men  who  have  had  personal  knowledge,  is  that  fear 
prepares  the  way  for  pestilences  and  epidemics  of  all  kinds, 
while  on  the  other  hand,  fatalism  (which  knows  no  fear) 
makes  the  Mohammedans  comparatively  immune. 

In  regard  to  this  question  the  position  has  been  taken  that 
we  know  uothiug  of  the  relation  of  miud  and  bcdy,  and  that 
facte  such  as  those  given  here,  allhough  they  may  prove  the 
caincidence  or  concomitance  of  great  fear  and  great  mortality, 
cannot  prove  the  causal  connection  between  mind  and  body, 
since  fear  is  probably  a  symptom  rather  than  a  cause. 

The  objections  to  this  criticism  are  (i)  that  it  fails  to  dis- 
prove the  theory  it  is  aimed  at;  (2)  that  it  is  superficial;  (j^ 
it  is  self  contradictory;  and  (4)  it  is  otherwise  unscientific.  It 
fails  to  disprove,  for  it  is  certainly  no  simpler  to  assume  that 
fear  is  produced  by  disease  than  to  assume  that  disease  is 
caused  by  fear.  It  is  superficial  to  assume  that  fear  in  those 
who  have  the  plague  is  caused  by  infection  wheu  the  fear  mani- 
fested by  the  thousands  who  escape  the  disease  must  be  ac- 
counted for  in  a  wholly  different  way.  A  theor>'  that  rejects 
the  interaction  of  mind  and  body  (by  denying  the  causal  power 
of  fear)  contradict!)  itself  when  it  assumes  that  fear  is  a  symp> 
torn  or  effect  of  the  disease.  Such  a  theory  is  further  unscientific 
ID  violating  the  law  of  parsimony,  which  forbids  the  adoption 
of  a  more  difficult  explanation  when  a  simpler  one  is  possible. 
And  no  other  theory  will  so  simply  and  satisfactorily  account 
for  the  facts  met  with  in  a  study  of  pestilences,  as  will  the 
theory  that  there  is  causal  connection  between  mind  and  body, 
and  that  there  is  a  causal  power  or  force  in  fear. 

11.    Tbs  Fu^gbluusts. 
The  history  of  the  Flagellants  is  closely  connected  with  the 
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faistory  of  the  plague,  as  will  be  remembered  from  their  takiog 
part  in  the  persecution  of  the  Jews,  and  as  will  be  seen  frotn 
what  follows;  but  as  we  are  going  to  study  a  class  of  distinct- 
icely  psychical  epidemics,  the  craze  of  the  Klagetlaots  may  be 
included  among  them,  rather  than  as  a  part  of  the  history  of 
the  plague. 

The  Flagellants  were  people  with  avowedly  religtotis  inten- 
tions, who  sought  to  avert  the  plague  by  doing  penance  them- 
selves, and  by  bringing  others  to  repentance.  A  band  of  this 
kind  came  together  in  Hungary  in  1349.  while  the  Black  Death 
was  devastating  Europe;  later  they  found  their  way  into  Swit- 
zerland, Germany,  Poland  and  several  other  countries  (49:  34ff. ; 
44:11.  ts2ff.:  97:".  607-8). 

It  is  true,  such  an  order  had  existed  in  the  thirteenth  cen- 
tnry;  it  first  began  in  Italy  in  1260  and  spread  almost  over  the 
world,  during  that  year  and  the  next  (49:36  f.;  44:11,  152  ff.). 
The  purpose  of  this  was  to  arouse  humility  and  penitence. 
While  in  externals  this  was  much  like  the  one  in  1349,  the 
latter  is  more  interesting  from  our  point  of  view,  for  two  rea- 
sons. First,  without  duubt  the  general  state  of  mind  in  Europe 
BS  a  result  of  the  terrible  ravages  of  the  Black  Death,  had  much 
to  do  with  the  organization  of  the  Flagellants,  and  even  more 
in  making  it  a  psychologically  Interesting  affair;  in  the  second 
place,  the  reaction  on  the  mind  brought  aboat  by  the  actions 
of  the  Flagellants  seems  to  bare  been  greater,  and,  as  Uaeser 
says,  the  mental  disturbance  was  far  mure  significant  tn  1349 
than  in  1261  (44:11,  152).  Hence  we  shall  confine  oar  atten- 
tion to  the  case  in  which  the  plague  figures. 

Those  who  first  took  part  were  mainly  of  the  lower  classes. 
The  sincerity  of  most  of  them  Ls  not  questioned;  they  are  said 
to  ha%-e  been  "seized  with  a  deep  sense  of  contrition,  and  so 
resolved  to  forsake  their  vices  and  make  restitution  for  past 
offenses"  (49:34)-  There  were  doubtless  others  who  "joy- 
folly  availed  themselves  of  this  pretext  for  idleness,  and  were 
hurried  along  with  the  tide  of  distracting  frenzy"  (/tv.  cit.). 
Later,  others  from  the  higher  classes  joined  the  brotherhood, — 
even  nobles  and  ecclesiastics  and  nuns,  also  other  women  of 
high  repute,  and  even  children.  They  marched  in  an  orderly 
manner  from  city  to  city,  singing  as  they  went,  their  heads 
covered  to  the  eyes,  and  their  gaze  fixed  upon  the  ground;  they 
wore  a  red  cross  on  their  breast,  cap.  and  back,  in  their 
bands  ihey  carried  scourges,  on  the  order  of  the  cat  o'nine 
tails,  knotted  in  several  places,  and  pointed  with  iron  (49:34). 
In  front  of  the  proccs-sion,  banners  and  tapers  were  borne. 
Wherever  ihey  went  they  received  the  warmest  welcome;  bells 
were  rung  to  celebrate  their  arrival;  people  flocked  from  all 
quarters  to  listen  to  their  singing  and  witness  their  penance. 
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Their  daily  programme,  as  given  by  Hecker  (p.  376),  was  as 
follows:  "  Penance  was  performed  twice  every  day.  Momiog 
and  evening  they  went  abroad  in  pairs,  stugiog  psalms  amid 
the  ringing  of  bells;  and  when  they  arrived  at  the  place  of 
flagellation  they  stripped  the  upper  part  of  their  bodies  and 
put  off  their  shoes,  keeping  on  only  a  linen  dress  reaching  from 
the  waist  to  the  ankles.  They  then  lay  down  it)  a  large  circle. 
in  different  positions,  according  to  the  nature  of  their  crime, 
and  were  then  castigated,  some  more  and  some  less, 
by  their  masters,  who  ordered  them  to  rise,  in  the  words  of  the 
prescribed  form.  Upon  this,  they  scourged  themselves,  amid 
the  singing  of  psalms  and  load  supplications  fur  the  averting 
of  the  plague," 

The  band  that  entered  Strasburg  was  two  hundred  strong ; 
but  when  it  left  it  numbered  aver  a  thoiiAand,  so  many  recruits 
had  it  recei\'ed  (49:34^)-  It  is  said  to  have  grown  almost  to 
the  proportions  of  a  tribe;  and  for  several  months  new  crowds 
arrived  daily  to  join  it.  At  Spires  two  hundred  boj's,  not  over 
twelve  years  old,  organized  themselves  into  a  band  of  Flagel- 
lants, and  wandered  around  lilce  those  who  took  part  in  the 
children's  crusade  a  century  before  (49:35).  All  the  inhabi- 
tants of  this  town  were  carried  away  with  excitement.  They-i 
invited  the  boys  to  their  homes,  and  showed  them  every  possi-' 
ble  attention.  With  every  pilgrimage  the  reputation  of  the 
juvenile  Flagellanis  increased.  The  reputation  of  the  bands 
of  adults.  On  the  other  hand,  became  bad;  while  they  engaged 
in  religious  exercises  during  the  day,  the  uight  was  given  up 
to  the  wildest  orgies.  When  this  was  found  out  they  were  no 
longer  received  with  kindnes.s  (49'.38  f ). 

But  whatever  may  be  said  of  them  toward  the  end.  they 
showed  every  sign  of  seriousness  at  the  beginning,  .  ,  . 
they  had  strict  regulations  that  could  not  be  violated  except 
under  penalty  of  the  lash;  each  one  must  provide  him.self  with 
a  certain  amount  of  money,  in  order  not  to  be  burdensome  to 
the  people,  and  no  one  must  seek  free  entertainment  or  even 
enter  a  house  uninvited.  And  all  conversation  e\*en.  between 
those  of  opposite  sex,  was  forbidden.  But,  tin  fortunately, 
these  rules  were  not  IK-ed  up  to  very  loug:  degeneracy  soon 
crept  in  and  all  sorts  of  crimes  were  committed.  When  they 
became  unscrupulous,  and  realized  the  power  that  numbers 
gave  them,  ihcy  l>ecame  a  real  menace  to  civil  and  religious 
authority.  Especially  strong  was  the  antagonism  between 
them  aud  the  church.  "They  gained  more  credit."  says 
Hecker  (p.  3S).  "than  the  priesti;,  from  whom  they  so  entirely 
withdrew  themselves  that  they  even  atisolvul  one  another; 
besides,  they  everywhere  took  possession  of  the  churches." 
They  claimed  to  heal  the  sick  by  supernatural  power,  and  to 
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work  miracles  in  other  ways.  In  one  of  their  meetings  a 
letter  was  read  which  purported  to  have  been  written  by  an 
angel,  urging  them  to  penitence,  and  promising  Christ's  bless- 
ing to  all  who  would  scourge  themselves  and  wander  for 
thirty-four  days  (49:38).' 

While  the  vow  demanded  of  those  joining  at  first,  obligated 
them  for  only  thirty-four  days — the  number  mentioned  in  the 
"angel's  letter," — the  plan  was  finally  made  to  form  a  com- 
pact for  thirty-four  years  (49:38),  probably  with  the  aim,  on 
the  part  of  the  leaders,  of  fortoing  a  permanent  league  against 
the  church.  But  the  prompt  and  vigorous  action  of  Emperor 
Charles  IV,  and  Pope  Clement  prevented  the  carrying  out  of 
the  scheme  (49:38;  97:  II.  60S:  44:!!.  157). 

The  tide  had  completely  turned;  the  Flagellants  had  over* 
reached  themselves  and  had  brought  condemnation  on  their 
own  heads.  They  were  driven  trom  every  place  they  attempted 
to  enter,  and  were  hounded  with  bitter  persccntions,  as  if  they 
bad  been  the  cause  ofeverj'  misfortune.  One  of  their  masters 
was  publicly  burned.  The  Pope  interdicted  their  public  pen- 
ance, and  forbade  the  continuance  of  their  pilgrimages,  on  pain 
of  excommunication  (49:3^.  40). 

It  is  evident,  says  Hecker,  that  the  gloomy  fanaticism  which 
gave  rise  to  these  pilgrimages  aud  proce&sious  of  the  Flagel- 
lants would  infuse  new  poison  into  the  already  desponding 
minds  of  the  people.  The>*  were  carried  into  that  "  barbarous 
enthusiasm"  which  made  that  horrible  persecution  of  the  Jews 
possible.' 

ni.     Thh  Danxing  Mania. 

In  the  last  half  of  the  fourteenth  century,  which  we  have 
already  found  to  be  so  prolific  of  strange  maladies,  the  dancing 
mania,  one  of  the  most  interesting  epidemics  in  the  history  of 
the  world,  broke  out  in  Germany  and  the  Netherlands,  and 
continued  for  more  than  two  centuries  (49:87;  97:11,  605  f.; 
44  11,  173).  It  assumed  different  forms  in  different  localTtie^ 
and  different  centuries,  and  so  is  not  always  known  by  this 
&3me  name.     For  our  purpose,   no  distinction  need  be  made 


*Harfter(IJ,  i$x)  think*  tbJs  letter  incideut  wu  conaected  with  tbe 
FUjcellaatft  in  1361. 
^  Vla^ell&ntA  werefonndln  AbyMinia  in  1830(49:137);  and  the  wme 

fear  ■  pruccuiion  nasMHl  (broatfli  tlie  ttnset*  of  I,ial>on  (69:956). 
Dileed,  they  sre  lo  be  found  (under  the  name  of  Penitents)  among 
the  Latin  racrs  nt  the  present  time.  In  «  tiooiber  o(  Mexicmi  townf 
they  sppcsr  quite  frranenttr  lu  proveisions,  inflicting  the  BCTere«t 
pnoJRhment  00  thciiiselves  and  00  one  another,  even  going  through 
(he  form  of  crucifixion,  Ijut  slopping  ja»t  short  of  death  (60:936). 
FlagvlUtion  is  practiced  by  certain  Roeeian  sects  lo-day,  and  Stoll 
(p.  375  i.)  Mys  it  is  alao  to  he  met  wttb  among  the  MohammedaQ*. 
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between  St.  Vitus's  dance  and  St.  John's  dance.  In  the  fol* 
lowing  accouDt  some  of  tbe  facts  relate  to  one  aod  some  to  the 
oilier. 

In  1374.  bands  of  men  and  women  appeared  in  the  streets 
of  Aix-Ia-Chapelle,  who  were  "united  by  one  common  delu- 
sion." Heckcr  (p.  87)  gives  the  following  description  of  their 
actions:  "  Tbey  formed  circles  hand  in  hand,  and  appearing  to 
have  lu-it  all  control  over  their  senses,  continued  dancing,  re- 
gardless of  the  bystanders,  for  hours  together,  in  wild  delirium, 
until  at  length  they  fell  to  the  ground  in  a  state  of  exhaustion. 
They  then  complained  of  extreme  oppression,  and  groaned  as 
if  in  the  agonies  of  death,  until  they  were  swathed  in  clothes 
bound  tightly  round  their  waists,  upon  which  they  again 
recovered  and  remained  free  from  complaint  until  the  next 
attack.  This  practice  of  swathing  was  resorted  to  on  account 
of  the  tympany  which  followed  these  spasmodic  ravings,  but 
the  bystanders  frequently  relieved  potients  in  a  less  artificial 
manner,  by  thumping  and  tramping  upon  the  parts  afiected. 
While  dancing,  they  neither  saw  nor  beard,  being  insensible 
to  external  iniprcAsions  through  the  senses,  but  were  haunted 
by  vii>ions,  their  fancies  conjuring  up  spirits  whose  names  they 
shrieked  out;  and  some  of  them  afterward  asserted  that  they 
felt  as  if  they  were  immersed  in  a  stream  of  blood,  which 
caused  them  to  leap  so  high.'  Others  saw  the  heavens  open 
and  the  Saviour  enthroned  with  the  Virgin  Mary,  according  as 
the  religions  notions  of  the  age  were  strangely  and  variously 
reflected  in  their  imaginations."  Indeed,  we  are  told  that 
many  of  the  dancers  so  completely  lost  their  senses  as  not  to 
be  able  to  take  care  of  themselves;  in  the  extravagance  of 
their  actions  some  ran  against  buildings  or  other  objects  and 
killed  themselves;  others  rushed  into  rivers  and  were  drowned 
(49:i3of.). 

The  dancers  were  greatly  affected  by  music;  the  magistrates 
in  some  places  look  advantage  of  this  fact,  and  hired  musicians 
to  play  for  them  in  order  that  the  dancers  in  trying  to  keep 
time  to  the  lively  tunes  which  were  played  might  be  exhausted 
more  quickly;  the  same  end  was  sometimes  sought  by  hiring 
athletes  to  go  in  among  ihem  (49:91,  104).  This  extreme 
exhaustion  of  the  body  usually  allayed  the  excitement  of  their 
disordered  nerves,  and  calmed  their  minds.*    The  point  of  ex< 


*Mnny,  knowing  what  convnUions  tbey  would  be  subject  to,  took 
the  prccaatioQ  to  hire  coafiilcotial  ittcadftnta  to  sec  that  they  were 
not  puilty  of  any  impropriety  1.49:105), 

'When  one  felt  nn  impulBe  to  dance,  the  best  thing  to  do  wks  to  let 
him  dance:  but  relief  was  sometimes  secured  to  other  ways.  One 
plan  was  to  dash  cold  water  ou  the  patieut,  or  better,  pinnge  him  Into 
a  pool  or  a  stream.— a  plan  practiced  by  Paracelsus;  anotLer  plan  WM 
to  Bcoorge  the  patient. 
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bftUsUon  was  very  difficult  to  reach  ia  taaoy  cases;  some  coold 
dance  for  several  days,  almost  without  ceasing,  and  it  is  re* 
ported  of  one  woniaTi  that  an  entire  month  was  required  for 
her  to  find  relitf  (49: 104).  The  endurance  of  these  dancers  is 
almost  incredible;  that  they  were  able  to  go  to  such  extremes 
of  violent  action  without  serious  iujuries  if  not  some  fatalities, 
seems  remarkable.  But  sufferers  from  this  malady  could  do 
with  impunity  what  would  be  impossible  for  one  in  the  normal 
condition.  This  extraordinary  power  was  attributed  by  some 
to  the  evil  one,  and  the  mania  was  called  the  "demoniacal 
disease"  (49:88(1.;  44:11,175:  97:11,605).  There  were  some 
cases  of  permanent  injury  aud  loss  of  mind. 

Although  the  mania  began  in  Germany  it  scon  spread  over 
the  Netherlands.  In  Liege,  I'lrecht,  Tongres  and  other  cities 
in  Belgium,  bands  of  dancers  appeared.  Often  they  decked 
themselves  with  6owers;  and  usually  they  wore  a  ifirdle  so 
that  a  bystander,  by  iuserting  a  stick  and  twisting,  might  re- 
lieve  tympany  when  the  paroxysm  was  over  (49:89). 

"Wherever  the  dancers  appeared,  the  people  assembled  in 
crowds  to  gratify  their  curiosity  with  the  frightful  spectacle." 
Many  of  these  spectators  who  had  come  out  of  curiosity  and 
for  amu&ement,  fell  under  the  spell,  and  entered  the  ring  of 
dancers, — reminding  one  of  those  in  the  "Deserted  Village," 
who  "came  to  scofT,  but  remained  to  pray."  Besides  this 
mrious  crowd,  there  were  many  parents  anxiously  seeking 
their  children,  and  friends  seeking  friends  who  might  be  in  the 
"misguided  multitude"  (49:89). 

As  in  the  case  of  the  Flagellants  the  number  of  these  dan- 
cers increased  to  an  alarming  extent.  As  a  rule  when  they 
entered  a  town  or  village,  they  took  possession  of  the 
churches  and  other  religions  houses  (49:89;  97:11,606);  and 
again,  as  in  the  case  of  the  Flagellants,  they  were  received  with 
great  kindness;  processions  were  held  in  their  behalf;  also 
masses  were  said  aud  songs  were  st:ug.  with  the  hope  that  the 
influence  of  the  evil  one  might  be  removed  by  these  means. 
Some  of  the  priests  even  tried  exorcism,  for  their  own  influence 
seemed  to  be  menaced,  and  even  their  d&strnction  seemed  to 
be  threatened  by  the  increasing  number  of  those  "possessed," 
since  they  constantly  breathed  out  imprecations  against  the 
priests  (49:90).  Furthermore,  the  public  generally  feared 
these  fanatics,  who  were  easily  exdtrd  by  the  most  trivial 
things.  For  example,  they  showed  such  dislike  to  poiuted- 
loed  shoes,  which  had  recently  come  into  fashion,  that  it  was 
deemed  adviMhle  by  the  authorities  to  issue  an  ordinance  that 
no  one  should  wear  any  but  shoes  with  square  toes  (49:89). 
But  even  to  a  greater  extent  were  they  irritated  by  the  si^bt 
of  anything  red  (49-89;   44:11,175};   indeed  cbey  acted  like 


as 


GOWBX; 


infuriated  animals  under  tbese  circumstances.  Some  were 
tbrown  into  a  state  of  excitement  by  the  sight  of  any  one 
weeping  (49;9o)- 

We  find  this  disease  raging  quite  severely  io  Met?:  and 
Cologne  some  time  after  its  appearance  at  Aix-la-ChapclIe 
(44:11,  172;  49:90).  At  Cologne  there  were  about  five  hun- 
dred dancers,  and  at  Metz  more  than  a  thousand.  Hecker 
(p.  90)  gives  the  following  description  of  what  occurred  at 
these  places:  "Peasants  left  their  ploughs,  mechanics,  their 
workshops,  housewives,  their  domestic  dnties,  to  join  tlic  wild 
revels,  and  this  rich  commercial  city  became  the  scene  of  the 
most  ruiuous  disorder.  Secret  desires  were  excited,  and  but 
too  ofteo  found  occasion  for  vnld  enjoyment:  and  numerous 
beggars,  stimulated  by  rice  and  misery,  availed  themselves  of 
this  new  complnint  to  gain  a  temporary  livelihood.  Girls  and 
boys  quitted  their  parents,  and  se.n.-ants  their  masters,  to  amuse 
tbemsel\-es  at  the  dauces  of  the  possessed,  and  greedily  im- 
bibed the  poison  of  mental  infection.  Above  a  hundred  un- 
married women  were  seen  ro%-ing  about  in  consecrated  and 
nttcoDsecrated  places,  and  the  consequences  were  soon  per- 
ceived," 

It  is  not  strange  that  in  times  of  such  demoralization  there 
were  many  who  determined  to  profit  by  the  condition  of  affairs. 
Some,  seeing  how  well  the  roving  bands  of  dancers  were  cared 
for,  shrewdly  conceived  the  idea  of  pretending  to  be  possessed; 
and,  practicing  till  they  could  imitate  the  dancers  perfectly  in 
their  gestures  and  even  in  their  convulsions,  they  began  their 
wanderings,  and  for  mouths  they  succeeded  in  practicing  their 
impostures  (49 : 9 1 ). 

There  is  something  psychologically  interesting  in  the  way 
the  names  of  St.  John  and  St.  Vitus  became  connected  with 
this  form  of  the  disease.  As  far  back  as  the  fourth  century 
John  the  Baptist's  day  was  observed.  To  the  original  customs, 
which  were  said  to  be  strange  and  rude  enough,  relics  of  hea- 
thenism were  superadded;  baccfaaualiau  dances  became  a  part 
of  the  celebration  (49  :94).  It  is  tfaonght  that  the  wild  revels 
of  St.  John's  dance  in  1374,  gave  rise  to  the  dancing  mania. 
for  the  crowd  that  appeared  at  Aix-la-Chapelle  continually 
called  upon  St.  John's  uauie  (49  :96).  It  may  seem  impossible 
that  a  festival  conld  bring  about  so  serious  a  consequence;  but 
it  mu.si  be  remembered  that  the  effect  was  cumulative — it  held 
OT'er  from  year  to  year.  And  besides,  it  is  prol>ahle  that  other 
factors  entered  in,  and  that  this  was  a  culmination  of  a  series 
of  events,  the  prodnct  of  a  variety  of  causes.  Neglecting  for 
the  time  the  reign  of  superstition  in  the  preceding  years  and 
even  centuries,  we  find  certain  facts  which  immediately  pre- 
ceded this  breaking  ont,  and  which  probably  had  some  iiiflu- 
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ence.  Great  parts  of  Germany  knew  no  such  thing  as  law; 
the  barons  were  waging  constant  warfare  do  one  another;  there 
was  no  security  of  propeity,  and  even  life  was  not  safe;  corrup- 
tion of  morals  was  the  rule;  the  hatred  and  persecution  of  the 
Jews  knew  no  bounds;  besides,  the  masses  of  the  Germans 
themselves  were,  as  we  might  infer  from  the  facts  already  be- 
fore us,  wretched  aud  oppressed:  add  to  this  two  other  facts, 

(1)  tbat  the  Rhine  and  the  Maine  had  overflowed  their  banks 
and  wrought  immense  damage,  increasing  the  misery  and  dis- 
tress to  which  the  inhabitants  had  already  been  reduced;  and 

(2)  that  the  consciences  of  many  were  tormented  with  the 
recollection  of  crimes  which  they  bad  committed  during  the 
prevalence  of  the  Black  Death, — tormented  to  such  an  extent 
that,  as  Hecker  says  (p.  96),  "their  despair  sought  relief  in 
the  intoxication  of  an  artificial  delirium," — and  then  we  can 
nnderstaud  how  the  celebration  of  St.  John's  day  cotild  "bring 
to  a  crisis  a  malady  that  had  been  loug  impending." 

Haeser.  who  agrees  in  the  main  with  Hecker.  goes  a  step 
further  in  trying  to  account  for  the  breaking  out  of  the  mania 
io  Germany.  U  is  his  opinion  that  the  interdict  of  Pope  John 
XXII,  on  the  Emperor  Ludwig  (by  which  the  churches  were 
closed,  by  which  also  they  were  denied  absolution  and  the 
benediction  at  death,)  stirred  the  sensitive  minds  of  the  people, 
and  was  thus  an   added   factor   in  precipitating  the  trouble 

(44:11.  174  fro- 
st. Vitus  is  connected  in  a  somewhat  different  way  (49:93  f. }. 
Be  was  a  Sicilian  youth  who  suffered  martyrdom  in  the  year 
303.  In  836,  when  his  body  was  transferred  to  a  new  burning 
ground,  he  was  raised  to  a  higher  rank,  aud  not  unnaturally, 
bis  altars  increased  iu  number.  People  had  recourse  to  these 
when  in  distress,  and  besought  his  aid  as  a  powerful  inter- 
cessor. It  is  claimed  that  the  legend  which  connected  his 
name  with  the  dancing  mania  was  invented  in  the  fourteenth 
century.  The  report  gained  currency  that,  just  before  his 
death,  St.  Vitus  prayed  to  God  that  he  miRht  protect  from  the 
dancing  mania  all  those  who  should  "solemnize  the  day  of  his 
commemoration;"  the  legend  went  on  to  say  that  his  prayer 
was  accepted,  and  that  a  voice  from  heaven  made  known  to 
Vitus  the  fact  of  this  acceptance.  Thus  St.  Vitus  became  the 
patron  saint  of  the  dancers:  and  his  name  was  applied  to  our 
modern  di5ea.sc  because  of  its  resemblance  to  the  dancing  mania 
of  the  Middle  Ages. 

After  the  disease  spent  much  of  its  force,  after  the  regular 
pilgrimage  of  the  dancers  ceased,  annual  outbreaks  occurred 
for  some  time.  In  the.se  annual  attacks  a  strong  psychological 
effect  is  apparent.  St.  John's  festival,  which  was  held  in  July, 
and  St.  Vitus's  day.  June  fifteenth,  were  looked  forward  to  as 
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great  events,  and  naturally  so,  in  view  of  the  history  of  the 
preccdioK  centuries.  All  miudft  were  centred  on  the  festival 
loiiK  before  it  came  off.  For  weeks  beforebaod  people,  espe* 
ciatly  those  who  bad  suffered  before,  "felt  a  disqnietnde  and 
nstleaaness  which  they  conld  not  overcome.  They  were  de- 
jected, timid  and  anxionn.  wandered  about  in  an  nnaettled 
•tate,  being  tormented  with  twitching  pains  which  seized  them 
atiddeoly  in  diSereot  parts"  (49;  los)-  When  St.  John':.  Day 
came  and  they  danced  at  the  altars  of  either  St.  John  or  St. 
Vitus,  if  for  a  few  hours  only,  they  received  complete  relief  for 
the  rest  of  the  year, — or  until  the  day  for  the  festival  drew 
near  again.  These  occasional  cases  are  met  with  as  late  as 
the  end  of  the  first  quarter  of  the  seventeenth  century.  The 
benefit  that  these  aud  the  dancers  of  the  preceding  centuries 
received,  came  not  only  from  their  exercise  and  the  consequent 
exhaustion,  but  also  from  the  simple  belief  that  St.  John  and 
St   Vitus  bad  power  to  help  tbeui. 

The  dancing  mania  in  Italy  assumed  a  somewhat  different 
form,  hence,  it  is  necessary  to  speak  of  it  separately.  It  was 
called  tarautism  in  that  country  because  it  was  supposed  to  be 
caused  by  the  bite  of  the  tarantula.  Much  of  our  information 
comes  from  Perroiti.  who  was  a  lecturer  on  medicine  and  other 
•cieoces  at  Bologna  about  the  middle  of  the  fifteenth  century 
(49  :iio).  Liter  writers  agree  with  Perroiti  as  to  the  effect*^ 
of  the  tarantula's  bite.  Melancholy  usually  followed,  and  the 
victim's  senses  were  deadened  to  a  considerable  degree.  lu 
almost  all  ca.<;es.  those  who  had  been  bitten  were  very  suscepti- 
ble to  the  infiuence  of  music  (49  :i  16);  and  wonld  respond  to 
a  favorite  tunc  by  shouting,   leaping  and  dancing  until  com- 

ftletely  exhausted,  when  they  would  sink  to  Che  earth  almost 
ifeless.  Some,  however,  could  not  be  roused  from  their  state 
of  melancholy,  but  continued  downcast;  their  misery  end 
anxiety  .<ihowed  itself  in  weeping.  Still  others  "fell  morbidly 
in  love."  Reports  of  such  effects  as  these,  from  the  bite  of 
venomoiu  serpents  and  insects,  are  to  be  met  with  at  different 
times  from  the  twelfth  century  on  (49:113);  and  the  uneasy 
state  of  mind,  the  fear,  the  dread,  that  took  possession  of  the 
people,  together  with  the  effects  of  these  mental  factors,  bring 
this  disease  within  the  field  ofnnr  inquiry. 

There  seemed  to  be  no  relief  for  the  sufferers  except  that 
which  music  afforded  (49:118).  In  a  sense,  music  seemed  to 
be  the  cause  aud  also  the  cure,  for  one  who  was  bitten  could  be 
roused  from  his  state  of  melancholy  to  the  wikltst  fits  of  danc- 
ing by  musical  instruments;  and  these  fits  could  be  relieved 
only  by  continuing  the  ninsic  till  the  dancer  was  completely 
exhausted.  Hence  it  is  not  strange  that  "cities  and  villages 
■like  resounded  throughout  the  summer  season  with  the  notes 


PESTlLKNCBS   &VD  OTUBR    BPIDBMICS. 


3> 


of  fifes,  clarinets  and  Turkish  drwins."  Hccker  reports  Alex- 
ander flb  Alexandro  and  Matthioli  both  as  giving  very  interest- 
ing examples  of  the  effect  of  music.  The  former  saw  a  yotiiig 
man  seized  with  a  violent  attack  of  tarautism.  When  the  drum 
sounded  he  began  to  dance,  giadually  iocrcasiug  his  quickness 
and  violence  until  the  dance  became  a  succession  of  wild  leaps; 
in  the  midst  of  this  performance,  the  music  slopiK-d  suddenly, 
and  he  fell  senseless  to  the  gronnd,  and  did  not  move  again 
until  the  music  started  up,  then  be  went  through  with  the 
dance  as  be  had  done  before  (49  : 1 16  f. }. 

Matthioli.  who  was  also  an  eye*witaeMi.  sfjcaks  of  similar 
cases.  He  says  that  "however  tortured  with  pflin,  however 
hopeless  of  relief  the  }>atients  appeared  as  they  lay  stretched  on 
th«  couch  of  sickness,  at  the  very  first  souud  of  those  melodies 
that  made  an  impression  on  them. — they  sprang  up  as  if  in- 
spired with  new  life  and  spirit,  and  unmindlnl  of  their  disorder, 
began  to  move  in  measured  gestures,  dancing  for  hours  together 
without  fatigue,  until,  covered  with  a  kindly  perspiration,  they 
felt  a  salutary  degree  of  lassitude,  which  relieved  them  for  a 
time  at  least,  perhaps  even  for  a  whole  year,  from  their  dejec- 
tion and  oppressive  feeling  of  general  indisposition"  (49: 1 18). 
la  this  case,  as  in  the  former,  the  cessation  of  the  music  before 
complete  exhaustion,  had  injurious  effects.  So  important  was 
it  to  have  music  to  alleviate  the  sufferings  of  these  miserable 
beings,  musicians  were  employed  for  this  special  purpose 
(49:118). 

As  with  St.  John's  and  St.  Vitus's  dance,  larantism  was 
worse  in  summer  than  at  other  times  of  the  year;  and  also,  as 
in  the  case  of  those  diseases,  as  summer  approached  and  the 
time  for  the  annual  dance  drew  nigh,  those  affected  began  to 
feel  uneasy  and  restless.  There  were  regular  gathering  places, 
where  they  met  and  danced  off  their  madness. 

Many  showed  au  abnormal  fondness  for  water;  some  held 
glasses  of  water  in  their  hand  while  tbey  danced,  or  bad  large 
vessels  standing  near;  in  extreme  cases  persons  are  said  to 
have  been  irresistibly  attracted  into  rivers,  and  drowned,  as  in 
the  dancing  mania  iu  Germany  (49:120).  The  sufferers  from 
tarantism  abhorred  certain  colors,  as  did  the  dancers  in  the 
oorthem  countries,  but  strangely  enough  they  liked  r«d,  which 
was  unbearable  to  the  St.  Vitus  dancers. 

Not  all  kinds  of  music  were  equally  efficacious.  Experi- 
ments showed  what  style  was  best  for  the  various  form.s  of  the 
disease,  and  composers  made  their  music  to  suit  the  patients. 
A  composition  intended  for  the  dancers  was  called  a  tarantella. 
A  number  of  these  tarantellas  have  come  down  to  us.  It  is 
thought  by  some  that  music  in  Italy  received  quite  an  impetus 
io  both  compo^tion  and  performance,  as  a  result  of  the  added 
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practice  nude  oeceasary  by  this  mania,  io  fact,  ib«  real  begin- 
nii^  of  tbc  development  of  a  musical  talent  among  the  Italians 
ia  refcrred  by  some  to  this  period  (49 : 1 16) 

Many  of  th£  victims  of  tarant ism  had  not  been  bitten  by  a 
tarantula  at  all,  but.  if  they  believed  they  bad.  the  result  was 
th«  same;  and  it  was  easy  for  a  disordered  imaginatioa  to 
transform  a  harmless  insect  into  a  tarantula.  Besides,  it  is  by 
DO  means  certain  that  what  they  called  a  tarantula  was  really 
poisonous,  but  their  belief  that  it  was,  and  that  it  wonld  lead 
to  stich  terrible  con.>Jcquences,  made  pos^ble  snch  results  as  we 
have  seen. 

Althoagh  this  malady  was  found  in  Abyssinia  as  late  aa 
1S35,  it  had  long  ceased  to  be  epidemic  in  Europe,  having 
reached  ita  heigUt  in  the  seventeenth  century. 

Even  in  its  decline  and  disappearance,  it  is  interesting  from 
the  psychological  point  of  view,  for  it  was  undermined  by  cer- 
tain sceptics  who  considered  it  an  imposture,  and  believed  they 
bad  proved  it  to  be  sncb,  by  showing  from  experiments  that 
the  tarantula's  bite  would  not  produce  the  results  believed  to 
be  caused  by  it  (49:  133).  When  they  convinced  the  people 
that  the  tarantula  was  not  poisonous,  the  disease  died  out, — a 
fact  which  shows  the  influence  of  the  mind  in  producing  it. 
To  deny  the  genuineoess  of  tarautism  is  difficult,  for  an  im- 
posture that  could  succeed  for  four  hundred  years  would 
certainly  be  remarkable. 

Long  before  taranlism  or  St.  Vitus'sdance,  i.e.,  in  loat,  we 
find  an  account  of  a  disease  which  bears  a  strong  resemblance 
to  that  of  the  fourteenth  century  (44:11.  171;  49:98).  But 
tradition  has  so  colored  this  that  we  cannot  be  sure  of  the 
facts.  The  story,  as  it  comes  down  to  us,  is  to  the  effect  that 
a  dozen  or  more  persons,  who  had  disturbed  public  worship, 
had  a  curse  pronounced  upon  them  by  which  they  were  con- 
demned to  dance  and  scream  for  a  whole  year.  At  the  end  of 
tbi9  time,  they  fell  into  a  three  days'  sleep,  and  four  of  them 
died.  Another  version  says  that,  at  the  end  of  their  dance, 
they  sank  iuto  the  ground  up  to  their  knees,  but  this  could 
easily  have  grown  out  of  the  statement  that  they  sank  to 
their  knees.  According  to  both  versions,  those  who  sur^'ived, 
suffered  the  rest  of  their  lives  from  a  trembling  of  their  limbs. 
How  much  of  this  is  true,  or  whether  any  of  it  is  true,  is  not 
our  question,  and  is  not  of  importance  to  us; — what  is  of  im- 
portance is  the  fact  that  this  was  tielieved;  this  belief  fed  the 
flame  of  superstition  which  had  already  a  superabundance  of 
fijel  in  those  years.  And  again,  in  1278  (44:  II,  172;  49:97], 
a  crowd  of  about  two  hundred  assembled  at  Utrecht,  and 
danced  on  the  Mosel  bridge  while  waiting,  as  one  writer  sa>'S, 
for  the  Host  to  be  brought  by;  in  the  midst  of  their  dance  the 


PESTILBNCSS   AND  OTHBR   BPIDBUICS. 


33 


bridge  broke  and  the  dancers  weie  all  drowned.  Previously 
to  this,  however,  /.  e.,  in  1237  (40: 97),  more  than  a  hundred 
children  tvere  seized  with  the  dancing  disease  at  Erfnrt,  and 
began  a  jonrney  to  Armstadt.  dancing  and  jumping  as  they 
went.  By  the  time  they  reached  Armstadt,  they  were  com- 
pletely exhausted;  some  of  them  died  and  some  were  affected 
with  trembling  to  the  end  of  their  lives.  What  the  immediate 
cause  of  this  was.  1  have  been  unable  to  learu,  but,  in  all 
probability,  this  is  closely  allied  to  the  "children's  pilgrim- 
age," which  had  taken  place  a  short  while  before  (in  1212), 
and  of  which  religion  was  the  inciting  cause. 

IV.    The  Childrbn's  Crusades. 

Haeser  quotes  Hecker  with  approval  to  the  effect  that  this 
pilgrimage,  known  as  the  children's  crusade,  is  as  good  an  ex- 
ample as  the  dancing  mania  of  the  patholugtcal  couditiou  of 
those  who  took  part  (44:11,  177).  A  brief  account  of  the  cni- 
sade  will  incline  one  to  accept  this  view  as  correct. 

The  date  has  already  been  given  as  1212,  though  some  place 
it  one  year  later  (44:11,  177).  Only  a  short  time  before  this 
Constantinople  fell  into  the  hands  of  the  crusaders  ( 1 204),  and 
the  people  were  in  conseijuence  wrought  up  to  a  high  pitch  of 
excitement.  This  had  a  great  effect  on  the  minds  of  the  youth, 
for  the  mind  is  so  impressionable  al  the  period  of  adolescence; 
and  as  a  result  two  crusades  were  undertaken,  one  in  France, 
the  other  in  Germany.  The  one  in  France  was  probably 
brought  to  a  focus  by  the  religious  processions  so  common  at 
that  time.  Immediately  after  one  of  these,  a  crowd  of  children 
got  together  nuder  the  leadership  of  a  shepherd  boy  named 
Stephen,  who  claimed  to  be  divinely  directed.  He  gathered 
round  him  an  army  of  thirty  thousand,  mainly  boys  and  girls, 
but  a  few  older  persons,  and  started  on  the  way  to  the  holy 
land,  waving  flags,  and  singing  songs.  When  they  reached 
St.  Denis  the  king  tried  to  turn  them  back,  but  neither  advice 
nor  command  availed.  They  marched  to  the  Mediterranean 
and  thence  to  Marseilles.  Much  enthusiasm  was  aroused  by 
these  children,  and  they  were  everywhere  kindly  received. 

At  Marseilles  they  took  ships  for  the  East,  but  two  of  the 
ships  foundered  in  a  storm,  near  Sardinia,  and  all  on  board 
perished.  In  their  memory  the  pope  founded  the  "Church  of 
the  Innocents"  near  the  place  of  the  disaster.  Most  of  those 
that  were  not  drowned  suffered  a  worse  fate,  for  tfarongh  the 
treachery  of  two  merchants  at  Marseilles,  who  had  offered  to 
conduct  them  into  Syria,  they  were  carried  to  Alexandria  and 
other  places,  and  sold  as  slaves.  Some  of  them  died  as  mar- 
tyrs (44:11,  178). 

The  German  crowd  got  together  at  Cologne,  at  6rst  without 
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a  leader,  but  Ister  they  chose,  or  rather  recognized  as  their 
leader,  Nicholas,  a  shciihcrd  boy  of  only  ten  or  twelve  years. 
who.  it  seems,  had  done  much  to  rouse  the  excitcmeut.  This 
army,  like  the  other,  was  made  up  maiDly  of  boys  and  girls  of 
the  shepherd  classes,  bul,  as  in  the  other  case,  there  were  some 
old  men:  and  some  of  the  sons  of  the  nobles  joined,  taking  with 
them  their  paramours.  Many  parents  were  unwilling  to  let 
their  children  go,  but  could  prevent  it  only  by  force.  Haeser 
states  that  many  who  were  shut  in  closets,  tied  or  otherwise 
con6ned   at    home,   actually  died   of  disappointment  (44:11, 

I79f.). 

As  they  journeyed  over  the  Alps,  toward  the  Adriatic,  they 
suffered  many  hardships;  some  had  joined  their  numbers  in 
order  to  steal  from  the  inexperienced;  others,  in  order  that 
under  the  cover  of  piety,  they  might  have  opportunity  to 
gratifytheir baser  passions;  some  died  from  over-exeriion,  some, 
of  starvation,  and  others  were  frozen  to  death.  Some  of  them 
reached  Italy;  the  pope  sent  cardinals  to  meet  them  and  turn 
them  back,  but  only  a  few  heeded  his  advice.  They  had  to 
break  up  into  smaller  bands,  in  order  to  get  enough  food. 
Nicholas  and  a  band  of  seven  thousand  reached  Genoa.  They 
were  not  allowed  to  remain  there  more  than  a  week  because  it 
was  feared  that  such  a  band  of  non-producers  would  reduce  the 
town  to  want  if  allowed  an  indefinilc  stay  (44:11,  180).  Some 
of  the  young  crusaders  reached  Rome;  some,  probably  a  very 
small  percentage  of  those  who  started  out,  got  back  home,  but 
in  scattered  bands,  barefoot,  hungry,  despised  and  mocked. 
The  leaders  had  fallen  under  suspicion  of  lx:ing  insincere,  of 
being  deceivers  and  tricksters.  The  moral  condition  was  what 
might  be  expected  under  the  circumstanct^;  many  of  the  girls 
scarcely  out  of  childhood  themselves,  became  mothers  (44:11, 
x8o).  Thus  this  crusade  ended  in  dismal  failure  and  disgrace. 
Bui,  Haeser  says  (II,  i8of.),  it  shows  the  power  of  the  excited 
imagination  over  the  masses,  and  is  a  proof  that  the  form  of 
madness  or  delusion  in  any  age  depends  oa  the  ideas  that 
dominate  the  mind. 

Two  centuries  later  there  was  a  repetition  of  the  children's 
pilgrimage,  but  on  a  smaller  scale  (44:11.  i86f.).  This  lime 
the  objective  point  was  St.  Michael  in  Normandy.  I^ike  the 
others,  it  resulted  disastrously;  none  of  the  children  reached 
home;  those  that  did  not  freeze  or  starve  were  sold  as  slaves. 
This  pilgrimage  i.s  so  much  like  the  others  that  a  detailed  study 
of  it  will  not  add  materially  to  our  discussion. 

The  ordinary  crusades  must  be  passed  with  a  word.  With- 
out doubt  they  were  a  means  ol  spreading  the  plague,  and  were 
therefore  resixinsiUIe  for  whatever  results  the  plague  led  to, — 
mental,  moral,  physical  or  economic,  the  last  of  which  is  far 
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greater  than  is  ordinarily  supposed.  Fnrthermore,  there  waa 
a  more  direct  connection  between  the  crusades  and  the  general 
tone  of  tbought  which  manifested  itself  in  the  great  variety  of 
diseases  peculiar  to  the  Middle  Ages.  The  religious  motive, 
which  led  to  the  attempt  to  get  possession  of  the  tomb  of  Christ, 
is  probably  the  most  aimmon  single  factor  in  bringing  about 
an  unbalanced  state  of  mind:  on  the  other  hand,  it  would  ap- 
pear that  some  of  the  cruMdes  could  not  have  been  undertaken 
except  by  those  who  were  already  unbalanced;  thus  the  two 
seem  reciprocally  causative.  Which  came  first  is  immaterial 
for  our  purpose.  Grant  that  the  crusades  began  under  normal 
conditions, — we  must  confess  that  before  they  were  at  an  end 
(hey  stirred  Europe  to  the  very  foundation.  Snrely  it  was  no 
ordinary  mental  atmosphere  that  caused  the  women  to  despoil 
theuiseives  of  their  most  precious  ornaments  for  the  benefit  of 
the  crusaders,  and  the  men  to  dispose  of  their  hereditary  do- 
mains for  a  small  sum,  or  else  exchange  them  for  arms,  in 
order  to  take  part  in  the  holy  wars;  surely  under  normal  con* 
ditions  ingots  of  gold  could  not  be  fonnd  in  heaps  where  the 
wealthy  had  deposited  what  thej-  no  longer  cared  for  (68:11, 
21-23),  oor  are  we  prepared  to  see  princes,  under  ordinary  cir- 
cumstances, resign  all  claim  to  their  principalities,  and  even 
monarchs  become  indifferent  to  the  glory  of  reigning  over  a 
powcrfn!  kingdom,  and  willing  to  sell  their  capital  city,  if  only 
ft  purchaser  could  be  found, — yet  such  was  the  cui^  with 
Richard  Coenrde  Lion  (g8:III,  257).  Such  things  as  these  are 
not  to  be  expected  except  under  an  unusual  order  of  things; 
and  on  the  other  hand,  they  would  be  expected  to  disturb 
greatly  the  mental  equilibrinm — if  such  existed — and  thus  pre- 
pare the  soil  for  .•nich  a  harvest  of  mental  epidemics  as  we  find 
in  the  Middle  Ages, 

V.     Lycanthropy  and  Witchcraft. 

Another  disease  to  be  mentioned  in  this  connection  is  lycan- 
thropy— a  strictly  mental  malady.  Its  name  indicates  a  belief 
in  the  ability  of  men  to  change  themselves  into  wolves.  Bat 
wolves  were  not  the  only  animals  into  which  human  beings 
were  supposed  to  be  changed.  In  Africa  the  lion,  the  hyena 
and  the  jackal,  in  Hungary  and  Poland  the  vampire  played 
this  part  (44:  II,  170;  97:  II,  243).  Whatever  animal  children 
represented  themselves  to  be  in  their  play,  that  they  believed 
themselves  to  be  when  the  delusion  came. 

The  history  of  lycanthropy  is  very  closely  interwoven  with 
the  history  of  magic;  magicians  did  much  to  stir  up  and  keep 
alive  this  belief;  in  fact,  they  were  thought  to  be  the  teachers 
of  those  who  claimed  the  power  of  changing  their  form.  In 
Germany  and  France,  beUef  In  this  power  persisted  even  be- 
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yond  the  Middle  Ages.  It  bad,  probably,  been  handed  down 
from  the  days  of  ancient  Greece,  for  it  is  known  to  have  ob* 
tained  among  the  Greeks  in  early  days  (44:  II,  170), 

In  GermaQy,  the  victim  of  the  delusion  was  called  a  Wehr^ 
vfclj,  in  France,  a  loup-garou.  Wekr-wohes  were  represented  as 
actually  having  a  wolf-consciousness, — as  being  fully  persuaded 
that  they  were  wolves,  lions,  hyenas  or  foxes,  according  to  the 
form  of  the  delusion  in  any  particular  corumuntty.  Of  course, 
the  only  data  possible  in  a  case  of  this  kind  would  be  the  action 
of  the  individual  thought  to  have  been  irausformed  into  an  ani- 
ma);  and,  it  must  be  admitted,  that  often  men's  actions  were  not 
unlike  those  of  a  wolf.  Some  skulked  around  graveyards,  and 
howled  or  barked  in  a  waj*  not  characteristic  of  man  in  his 
normal  condition.  Some  of  the  victims  of  this  strange  delu- 
sion further  showed  the  propensities  of  wild  animals  by  killing 
children  (68:  li,  250  ffO-  Any  one  that  went  to  this  extent 
in  his  madness  was  likely  to  be  hunted  down  and  killed  as  a 
wild  beast.  In  France,  even  as  late  as  1593,  a  hunt  for  men- 
wolves  was  authorized  by  law.  The  parliaments  of  Bordeaux, 
Tours,  Rheims  aud  other  cities  decreed  that  all  witches  and 
consulters  with  witches  (by  which  they  meant  iottp-garout), 
should  be  put  to  death.  As  a  result,  both  at  Dole  and  at 
Paris,  men  were  brought  to  trial  and  condemned  to  be  bnmed 
alive  (68:  II.  200  ff. ;  ef.  49:  roS) .  Some  of  those  accu.scd,  con- 
fessed, just  as  the  Jews  did  during  the  Black  Death. 

If  a  sofficicui  motive  could  be  found  for  men  doing  that  for 
which  they  are  sure  to  be  hunted  down  as  wild  beasts  or 
burned  at  the  stake,  it  would  be  easy  to  believe  the  whole 
thing  an  imposture;  but  the  presence  of  such  motive  is  difficult 
to  find  in  most  cases.  In  Abyssinia,  where  this  same  disease, 
under  the  uame  of  zoomorphitsm,  existed  in  the  early  part  of 
the  nineteenth  century,  a  sufiicient  motive  seems  to  be  dis- 
coverable. The  potters  and  the  blacksmiths  are  believed  to  be 
able  to  change  ihcuiselves  into  hyenas,  aud  are  very  much 
feared  on  this  account;  also,  the  church  has  excommunicated 
them  because  of  the  suspicion  that  there  is  something  diabolical 
about  it.  As  long  as  they  are  so  regarded,  IheJr  guilds  are 
not  likely  to  increase  in  number,  and  they  thus  have  a  mo- 
nopoly in  their  line  of  work.  To  this  end,  they  strive  to  keep 
themselves  separate,  they  wear  rings  in  their  ears;  and  when, 
as  sometimes  happens,  a  hunter  kills  a  hyena  that  has  a  simi- 
lar  ring  in  its  ear,  the  populace  has  all  the  proof  necessary  that 
a  blacksmith  or  a  potter  has  changed  himself  into  a  hyena. 
It  seems  never  to  have  occurred  to  ihcm  that  these  guilds 
could  have  caught  the  animal  and.  alter  inserting  the  ring  in 
iu  car,  set  it  free  again,  in  order  to  keep  up  the  deception 
(49:  138). 
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As  we  have  seen,  lycanlhropy  and  witchcraft  have  been 
closely  connected  historically;  later,  we  may  see  that  the  con- 
nection is  more  fundamental.  But  in  our  prMentation  of  the 
fact£  the  two  will  be  kept  separate,  according  to  the  nsaal 
classification.  Witchcraft  will  be  taken  in  its  narrow  sense,  as 
deinonomaiiia. 

Witchcraft  has  its  rdots  far  liaclt  in  the  earliest  times  of 
which  we  have  record;  in  sacred  history  and  profane  we  have 
accounts  of  the  same  thing  under  varying  forms.  The  witch- 
craft of  Christian  lands  was  that  of  polytheistic  religions  ac- 
commodating itself  to  a  new  theology.  The  principles  of  good 
and  evil  gave  the  Greeks  their  eudatmonai  and  kakodaimonai, 
the  latter  having  their  counterpart  in  ihe  Roman  manes;  the 
satyrs,  sylvans  and  fauns,  like  the  Greek  centaurs,  were  but 
witches  considered  as  belonging  to  the  "college  of  divinities." 

It  is  not  the  witchcraft  of  the  Old  nor  of  the  New  Testament 
that  we  shall  give  attention  to  but  that  of  mixlern  limes,  In 
the  6rst  centuries  of  the  Christian  era  witchcraft  was  tolerated 
among  the  French,  Germans,  Saxons  and  others;  in  lact,  the 
victims  were  objects  of  pity  even  up  to  the  eighth  century, 
when  the  belief  that  the  devil  was  present  at  the  witches' 
meetings  arose  and  aroused  the  church  to  hostility  (i04:II, 
1370).  There  are  records  of  trials  of  witches  in  Spain  in  the 
ninth  century,  but  the  burning  of  witches  in  any  considerable 
number  is  not  met  with  till  the  thirteenth  century.  From  that 
time  on  to  the  eighteenth  century  (but  mainly  in  the  6fteenth 
and  sixteenth)  the  number  of  victims  is  incredible,  being  esti- 
mated by  Mackay  (II,  233)  as  "tens  of  thousands, "  and  by 
RydtnTg  (p.  361)  as  more  than  a  million.  One  record  says 
(68:11,  197)  that  in  France  in  1520  fires  of  execution  blazed  in 
nearly  every  town;  and  many  of  the  cities  of  both  France  and 
Germany  annually  offered  up  several  hundred  each  {op.  rii,, 
p.  369);  during  the  long  parliament  in  England  three  hundred 
were  condemned  to  death  (75:290). 

We  now  wonder  how  a  delusion  could  ever  have  gained  snch 
hold  of  the  popular  mind  as  to  make  this  wholesale  destruction 
of  life  possible.  But  when  we  learn  that  Augustine,  Luther, 
Melanchthon,  Calvin  and  John  Knox  were  firm  believers  in 
witchcraft,  and  that  such  men  as  Sir  Thomas  Brown  appeared 
as  witnesses  against  witches,  we  begin  to  see  the  extent  of  the 
craxe.  Not  only  did  individuals  use  their  influence  against  it, 
but  organiMtions.  civil  aud  religious,  attacked  it.  The  Em- 
peror Sigismiind  had  the  matter  "scieatifically"  investigated 
in  the  presence  of  theologians,  and  according  to  Rydbcrg  (90: 
XVI,  362)  they  came  to  the  conclusion  that  it  is  a  "positive 
and  constant  fact"  that  men  can  assume  the  form  of  animals, 
as  in  lycanthropy  and  witchcraft.     The  parliaments  of  most 
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coQDtries  recognized  witchcraft  as  a  crime,  and  time  and  again 
made  laws  to  panish  if  not  prereat  it;  in  Shakespeare's  time, 
1,  e.,  during  the  reign  of  Elizabeth,  the  burning  of  wiiches  was 
sanctioned  by  the  EngHsh  government  {6S:II,  149).  Pope 
Innocent  VIII  issued  a  bull  against  witchcraft  in  1484,  and  all 
the  popes  from  that  time  till  the  middle  of  the  eigUteeutb  cen- 
tury- endorsed  his  action.  A  knowledge  of  these  facts  will  en- 
able us  to  sec  the  appropriateness  of  Justice  Storj-'s  remarks. 
He  speaks  of  witchcraft  as  "a  belief  that  had  the  universal 
sanction  of  their  own  and  all  former  ages;  which  counted  in 
its  train,  philosophers  as  well  as  enthusiasts;  which  was 
graced  by  the  learning  of  prelates  as  well  as  by  the  countenance 
of  kings;  which  law  Aupported  by  its  mandates,  and  the  purest 
judges  felt  no  compunction  in  enforcing"  (7:61 ). 

The  bull  referred  to  above  gave  absolute  power  to  inquisitors 
(chief  of  whom  was  Jacob  Sprenger)  to  deal  with  alt  accused 
of  witchcraft,  and  no  appeal  to  courts  or  even  to  the  pope  was 
allowed.  Sprenger  wrote  a  book  called  "Malleus  Malificarum" 
(The  Witch-Hammer),  giving  in  detail  the  proper  plan  to  be 
used  in  trying  witches.  According  to  the  rules  laid  down, 
trial  might  commence  without  any  previous  accusation.  The 
testimony  of  the  outlawed,  the  excommunicated  and  of  repro- 
bates who  would  not  be  allowed  to  appear  as  witnesses  in  ao 
ordinary  case  and  whose  oath  would  not  be  believed  on  any 
other  question.  w»s  tu  be  accepted  without  question  against 
witches.  If  the  coansellor  of  the  accused  appeared  too  earnest 
in  defence  of  his  client  he  too  was  to  be  regarded  as  guilty  ot 
witchcraft.  The  person  accused  was  put  on  the  rack  before 
the  trial  so  that  he  might  be  more  inclined  to  tell  ihc  truth. 
The  abolition  of  the  usual  mode  of  trial,  and  the  employment 
of  torture  even  in  the  case  of  one  under  the  slightest  suspicion, 
though  not  accused,  were  advocated  in  the  bloody  code  of 
Bodinus  in  France,  and  also  in  that  drawn  up  by  Henry  Bo- 
guet,  "The  Grand  Judge  of  Witches  for  the  Territory  of  St. 
Clande,"  as  he  called  himself.  What  Sprenger  was  to  Ger- 
many, and  what  Bodinus  and  Boguet  were  to  France,  Matthew 
Hopkins  was  to  England. 

The  offer  of  a  reward  of  twent>-  shillings  for  every  witch 
convicted  gave  rise  to  a  class  of  professional  witch  finders;  and 
the  methods  employed  by  these,  and  sanctioned  by  the  courts, 
made  the  great  number  of  executions  possible. 

The  method  of  trial  is  one  thing  Uiat  makes  witchcraft  ao 
interesting  study  from  the  psychological  point  of  view.  It  will 
therefore  be  well  to  recall  a  few  facts  concerning  that  question. 

As  has  been  said,  an  inquisitor  could  force  one  to  trial  with- 
out accusation  and  without  warning;  he  could  put  to  torture 
any  one  he  chose,  in  order  to  extort  a  confession.     If  torture 
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&iled  to  call  forth  a  confession,  and  if  witnesses  were  laclcing, 
other  methods  were  resorted  to.  In  England,  particularly,  the 
accused  was  commanded  to  recite  the  Lord's  prayer;  if  she 
failed  to  do  so  readily  and  accurately,  she  was  adjudged  giiilty 
(68:11,  24).  In  some  districts  the  one  suspected  was  weighed 
against  the  Bible,  and  considered  guilty  if  found  to  be  lighter 
than  it;  this  method  iseems  not  to  have  been  employed  exten- 
sively, for  too  many  escaped  punishment  by  weighing  too 
much.  Others  employed  the  pricking  test;  the  one  on  trial 
was  pricked  with  pins  all  over  the  body,  and  if  any  spot  in- 
sensible to  pain  was  found,  it  was  sufficient  proof  that  the  per- 
son was  a  witch.  Hopkins  himself  preferred  the  swimming 
test  recommended  by  King  James  in  his  "Demonologie."  This 
required  that  the  accused  be  wrapped  in  a  sheet  (after  each 
thumb  had  been  tied  to  the  toe  of  the  foot  opposite )  and  laid  on 
the  back  in  a  pond  or  river.  "If  they  sank,"  says  Mckay 
(tl,  341 ),  "their  friends  and  relatives  had  the  poor  consolation 
of  knowing  they  were  innocent,  but  there  was  an  end  of  them; 
if  they  floated — there  was  also  an  end.  for  they  were  deemed 
guilty  of  witchcraft,  and  burned  '  accordingly."  The  "Witch- 
finder-Geiierat,"  as  Hopkins  was  called,  had  even  a  more 
atrocious  test  than  this.  The  suspected  witch  was  made  to  sit 
in  some  uneasy  postnre  in  the  middle  of  a  room  for  twenty- four 
hours,  without  food  or  drink.  Gtiardst  were  always  present  to 
see  if  Satan  or  any  of  his  imps  came  to  the  witch,  in  the  form 
of  a  fly  or  a  moth  or  a  bee.  If  any  insect  which  entered  the 
nwm  succeeded  in  escaping  before  the  guards  could  kill  it,  it 
was  an  imp,  and  the  one  on  trial  was  pronounced  guilty,  and 
accordingly  executed  (f>S:II.  243).  Other  tesw  quite  as  ridicu- 
lous were  in  vogue,  but  illustrations  need  not  be  multiplied- 

It  seems  that  judges,  parliaments,  and  courts,  civil  and 
ecclesiastical,*  never  realized  the  absurdity  of  thetr  position. 
They  accepted  the  testimony  of  witnesses  who  said  they  saw 
certain  persons  in  the  form  of  birds,  cats  or  other  animals;  and 
they  never  thought  to  ask  how  these  witnesses  could  be  sure 
of  the  identity  of  a  person  in  the  form  of  a  cat  or  a  bird.  The 
denial  of  one  accused  was  disregarded;  one  might  be  honest 
but  deluded,  might  be  changed  to  an  animal  without  knowing 
it,  the  jndgcs  held.  The  testimony  of  a  hnsliand  that  his  wife 
was  at  home  at  the  time  she  was  charged  with  being  at  the 
witches'  dance,  counted  for  naught;  he  was  told  that  he  no 
doubt  thought  his  wife  was  at  home,  but  the  devil  bad  deceived 


''RcfEDKrd  (pp.  yjS)  uy»  that  besides  baruiag  and  dronulDji;,  other 
methods  of  puttiUK  to  death  were  employed — sacb  at  bnrylnz  allTC, 
■trniigling,  (IrAgiftDg  behind  n  c«rt,  fitce  down,  nn'l  tmiliiiK  10  deiith. 

>It  will  be  rctncmbercd  that  the  theological  faculty  of  Parts  coa- 
demned  Joan  of  Arc  to  be  bamcd  as  a  witch. 


¥> 


gowsn: 


him  by  substituting  another  or  an  imp  in  the  fonn  of  bis  wife 
wbite  she  was  away.  ThLs  inconsistency  in  the  way  of  regard- 
ing the  testimony  of  witnesses  for,  and  that  of  those  aj;aJnst, 
the  accused,  was  apparently  overlooked  by  those  engaged  in 
the  trial.  And  yet,  as  Leckey  says  (7:55),  "the  subject  was 
examined  in  lens  of  thousands  of  cases,  in  almost  e\'ery  country 
of  Europe,  by  tribunals  which  included  the  acatest  lawyers  and 
ecclesiastics  of  the  age." 

The  sutc  of  mind  that  made  the  acceptance  of  such  evidence 
possible  is  not  without  iuterest,  but  the  meutal  condition  of 
witches  themselves  is  of  more  concern  to  us.  Of  course,  under 
the  system  of  trials  in  vogue. — a  system  which  made  it  possible 
lor  inquisitors  to  satisfy  their  ])rivate  revenge,  to  gratify  iheir 
cupidity  or  to  put  out  of  the  way  those  whom  tbey  feared — 
thousands  of  innocent,  sane  and  rational  persons  lost  their 
lives;  and  this  number  was  greatly  augmented  by  the  coofes- 
sions  which  many  of  those  accused  made,  for  confessions  tended 
to  strengthen  the  delusion  in  the  popular  mind.  These  confes- 
sions themselves  demand  explanation, — They  cannot  be  ac- 
counted (or  as  deliberate  lies  told  to  escape  punishment,  for 
tbey  always  led  to  death.  We  must  not  forget,  either,  that 
th«re  were  witches'  meetings,  and  these,  as  we  shall  see,  gave 
some  ground  for  the  belief  which  prevailed.  To  quote  Tam- 
burini  and  Tonnini  (104:11,  1369),  "The  grossest  crimes  and 
most  barbarouscnieltics  were  practiced  at  their  orgies. — infants 
were  sacri&ced  and  their  6esh,  after  having  been  boiled  with 
toads,  serpents  aud  the  like,  was  made  into  aa  ointment  which 
was  reputed  to  possess  bewitching  qualities.  At  the  end  of 
their  ceremonies,  great  banquets  were  eaten  at  which  infant's 
Besh  was  a  prominent  dish."  Such  meetings  are  known  to 
have  been  held  in  Switzerland  as  late  as  the  middle  of  the  fif- 
teenth century.  This  form  of  witchcraft  is  kuowu  as  demouo* 
latria,  which  is  really  devil-worship.  The  mental  condition  of 
witches,  and  especially  of  those  who  engaged  in  these  practices, 
needs  to  be  considered.  It  is  safe  to  say  that  this  condition 
varied  all  the  way  from  simple  mental  depression  with  visions 
and  hallucinations  to  the  strange  insanity  of  those  who  partici- 
pated in  these  orgies  or  of  those  who  hid  iu  the  woods  or 
lurked  in  graveyards,  killing  and  actually  devouring  people. 
According  to  Tamburint  and  Tonnini  (104:11,  1370).  an  epi- 
demic of  some  such  character  occurred  in  England  just  before, 
and  again  just  after,  the  Black  Death. 

A  question  which  has  been  practically  neglected  in  the  dis- 
cussion of  witchcraft,  has  quite  a  direct  bearing  on  the  magut- 
tude  of  the  delusion,  and  also  on  the  poisoning  mania  during 
the  plague,  if  not  on  several  other  epidemics  of  the  Middle 
Ages.    There  were  no  asylums  for  the  insane  before  the  seven- 
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teenth  century,  so  those  of  uasound  mind  were  left  at  large 
(■o8:i32  f.).  There  is  little  doubt,  therefore,  that  tbey  com- 
municated their  insanity  to  others.  And  no  doubt  this  ac- 
counts, in  a  Urge  measure,  for  the  number  who  confessed  the 
impossible  thiugs  of  which  they  were  accused. 

Turning  now  to  the  relation  of  lycanthropy  to  witchcraft,  we 
may  say  that,  strictly  speaking,  lycanthropy  is  a  form  of  witch- 
craft; t.  e.,  witchcraft,  in  its  broadest  sense,  is  geueric,  and 
includes  not  only  demonomania  (witchcraft  as  generally  under- 
stood), but  theomania,  lycanthropy  and  certain  hysterical 
pheuouieoa.  The  same  general  psycho-pattiological  condition 
is  present  in  all  of  them.  The  description  of  melancholia 
given  by  Tamburini  (104:11,  1368)  will  apply  to  tbe  condition 
of  the  victims  of  witchcraft  or  lycanthropy.  Melancholia  with 
delusions  and  confused  personality  is  clearly  seen  in  the  case  of 
those  in  witchcraft  who  believed  themselves  changed  into  cats, 
birds,  etc..  and  iu  the  case  of  those  in  lycanthropy  who  be- 
lieved themselves  to  be  changed  into  wolves,  hyenas,  vampires, 
etc.  The  distinction  between  ordinary  witchcraft  and  lycan- 
thropy seems  to  be  superficial  rather  than  essential;  in  witch- 
craft, emphasis  is  not  placed  on  the  assumption  of  animal  forms 
90  much  as  on  the  diabolical  power  of  the  one  possessed,  while 
iu  lycanthropy,  the  change  of  form  is  the  feature  made  promi- 
nent, although  the  same  power  is  necessarily  considered  present. 

Belief  in  witchcraft  has  not  altogether  died  out  even  yet;  it 
is  probably  more  general  in  the  highlands  of  Scotland  than 
anywhere  else.  But  there  are  no  more  executions;  in  fact, 
those  at  Salem  in  1692  were  among  the  latest  so  far  as  I  have 
seeu;  the  Freuch  parliament,  even  a  century  earlier.  inBncnced, 
no  doubt,  by  the  the  allitude  of  I^ouis  XIV,  had  refused  to 
condemn  those  accused;  but  trials  continued  in  some  places 
even  iu  the  first  quarter  of  the  nineteenth  century  (68 :  II,  320) . 
The  delusion  was  so  deep-rooted  that  with  another  King  James 
and  auother  Innocent  VIII,  we  might  find  it  assuming  alarm- 
ing proportions  even  now. 

This  remarkable  delusion  suggests  another  which,  although 
it  captivated  millions  of  minds  during  its  reign  of  a  thousand 
years,  must  receive  but  a  brief"  notice  here.  I  refer  to  alchemy. 
Most  noticeable  among  those  who  were  entangled  in  its  web, 
may  be  mcutioned  Aviccnna,  Albcrtus  Magnus,  Thomas  Aqui- 
nas, Roger  Bacon  and  Paracelsus.  Though  the  philosopher's 
stone '  was  never  discovered,  though  the  secret  of  transmuting 
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the  baser  metals  into  gold  was  never  found  out,  it  was  a  par- 
tial compensation  for  all  the  baleful  influences  of  so  powerful 
a  superstition,  for  the  tremendous  waste  of  energy,  time  and 
taleut,  that  alchemy  gave  us  chemistry  as  astrology  ga%'e  ns 
astronomy. 

VI.      COHMBBCIAL  CSAZRS, 

The  Miiiissippi  Scheme.  The  Mississippi  company  was  or- 
ganized ia  France,  by  John  Law,  a  Scotchman,  in  1717.  Its 
purpose  was  to  have  "the  exclusive  right  of  trading  to  the 
great  river  Mississippi."  Ii  was  a  typical  get-rich-quick 
scheme,  but  was  on  a  tremendous  scale,  and  its  effects  were  so 
vast  and  far-reaching  as  to  be  almost  beyond  the  possibility 
of  belief. 

To  show  the  condition  of  things  when  the  infatuation  was 
at  its  height,  I  quote  from  Mackay  (I.  26):  "The  highest  and 
the  lowe.<it  dastses  alike  were  lllk-d  with  the  visions  of  bound* 
less  wealth.  There  was  not  a  person  of  note  among  the  aris- 
tocracy, with  the  exception  of  the  Duke  of  St.  Simou  and  Mar- 
shall  Villars.  who  was  not  engaged  in  buying  and  selling  stock. 
People  of  every  age  and  condition  in  life  speculated  in  the  ri-se 
and  fall  of  the  Missi.ssippi  bonds.  The  Rue  de  Quiucarapoix 
wa.s  the  grand  resort  of  the  jobbers.  .  .  .  Houses  in  it,  worth, 
in  ordinary  times,  a  thousand  livrcs  of  yearly  rent,  yielded  as 
much  as  twelve  or  siitteen  thousand.  A  cobbler  who  had  a 
stall  in  it  gained  about  two  hundred  livres  a  day  by  letting  it 
out  and  furnishing  writing  material  to  brokers  and  their  clients. 
The  storj- goes  that  a  hunch-backed  man  who  stood  in  the 
street  gained  considerable  sums  bj'  lending  his  hnmp  as  a 
writing-desk  to  the  eaj^er  speculators.  The  great  concourse  of 
persons  who  assembled  to  do  business  brought  a  still  greater 
concourse  of  speculators.  These  again  drew  all  the  thieves 
and  immoral  characters  of  Paris  to  the  spot,  and  constant  riots 
and  disturbances  took  place.  At  nightfall,  it  was  often  found 
necessary  to  .send  a  troop  of  soldiers  to  clear  the  spot. ' ' 

When  fifty  thousand  new  shares  were  offered,  there  were  at 
least  three  hundred  thousand  applications  made  for  them;  and 
for  weeks  the  eager  applicants  beset  I^w's  house.  Dukes, 
marquises  and  counts,  with  their  duchesses,  raarchione.sses  and 
countesses,  waited  in  the  street  for  hours  every  day  to  know 
the  result.  Many  took  apartments  in  adjoining  houses,  "that 
they  might  be  uear  where  the  new  I'lutus  was  diffusing  his 
wealth"  (68:1,  25).  The  streets  were  so  blocked  by  the 
waiting  crowds.  Law  moved  his  office  to  a  place  that  had  open 
space  enough  to  accommodate  the  crowds,  and,  in  order  to 
keep  the  streets  clear  a  law  was  passed  confining  speculation 
to  this  place  (68 :  X,  28).     Law  became  the  most  important 
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personage  id  the  realm;  the  ante-chamber  of  the  regent  of 
France  was  deserted  by  the  courtiers;  scholars,  bishops  and 
peers  who  would  have  considered  it  an  tntjult  if  the  regent  had 
made  them  wail  half  an  hour  for  an  interview,  thought  noth- 
ing of  waiting  five  or  six  hours  to  gtt  to  sec  Monsieur  Law. 
Every  conceivable  scheme  was  devised  for  gaining  access  to 
him;  enormous  fees  were  paid  servants  by  some  persons  merely 
to  have  their  names  announced.  One  fine  lady  had  the  coach- 
man drive  so  as  to  ovtrturn  htr  carriage  as  she  was  alK)Ut  to 
meet  Law,  hoping  that  his  gallantry  would  cause  him  to  come 
to  her  assistance;  another  gave  the  alarm  of  fire  in  order  to  get 
to  speak  to  him  as  he  ran  out  (68  : 1,  32).  To  use  Mackay's 
language  (L  44).  "Never  was  monarch  more  flattered  than  he 
was.  All  the  small  poets  and  Utierateurs  of  the  day  poured  fioods 
of  adulation  upon  him.  According  to  them,  he  was  the  Saviour 
of  the  conntr>',  the  tutelary  divinity  of  France;  wit  was  in 
his  words,  goodness  in  all  his  looks,  and  wisdom  in  all  his 
actions.  So  great  a  crowd  followed  bis  carriage  when  he  went 
abroad,  that  the  regent  sent  him  a  iruop  of  horse  as  his  per- 
manent escort  to  clear  the  streets  before  him." 

But  this  state  of  things  could  not  last  always.  Prices  could 
not  continue  to  rise  forever.  Some  recovered  their  senses 
enongh  to  think  of  this,  then  the  hitherto  unbounded  confi- 
dence  began  to  waver;  the  tide  was  turned;  fortunes  were  lost 
by  the  rapid  decline  in  stocks.  Law's  sincerity  was  questioned; 
he  became  the  most  cordially  hated  man  in  the  kingdom. — 
every  epithet  that  popular  hatred  conld  suggest  was  huried  at 
him.  An  attempt  was  made  to  mob  him;  the  carriage  in 
which  he  was  thought  to  be  was  set  upon  and  demolished. 
The  royal  carriage  and  an  armed  escort  were  put  at  his  dis- 
posal,— for  the  regent  had  not  lost  confidence  in  him,  but  Law 
soon  concluded  that  his  safety  cotild  be  assured  only  by  flight. 
HLs  property  was  confiscated,  even  contrary  to  a  special  edict 
that  should  have  prevented  it. 

History  has  furnished  few  better  examples  o£  frenzy  so  weU- 
nigb  universal  and  of  so  long  duration,  and  also  of  the  extreme 
fickleness  of  crowds. 

While  this  mental  epidemic,  this  terrible  delusion  was  raging 
in  Paris,  the  plague,  in  its  severest  form,  was  raging  in  Mar- 
seilles. It  is  difficult  to  say  which  city  was  really  most  seriously 
disturbed. 

The  Stntlh-Sea  Bubbie.  While  France  was  wild  over  the 
Mississippi  Scheme,  England  was  suffering  a  similar  delusion, 
usually  known  as  the  South-Sea  Bubble.  It  promised  fabulous 
fortunes  to  those  who  would  take  stock  in  the  company  or- 
ganized to  trade  with  the  South<Sea  countries, — certain  South 
American  states,  and  various  islands.     It  is  scarcely  too  much 
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to  say  that  for  the  greater  part  of  a  year  almost  all  England 
lost  its  senses, — the  wildest  fanaticism  reigned.  Even  Parlia- 
ment had  no  judgment  on  financial  questions;  the  cnconrage- 
ment  it  gave  the  Sauth-Sea  Company  did  much  to  augment 
the  evil.  The  stock  soon  hegao  to  riiic;  it  went  to  two  hundred, 
three  hundred,  four  hundred,  five  hundred,  and,  finally,  to 
one  thousand  per  cent.  Mackay  says  (I,  83),  "Exchange 
Alley  [the  Wall  Street  of  London]  was  every  day  blocked  by 
crowds,  and  Comhill  was  impassable  for  carriages.  Every- 
body came  to  purchase  stock.  'Every  fool  aspired  to  be  a 
knave.'  " 

The  mental  contagion  was  so  powerful  that  the  people  1>e- 
came  an  easy  prey  to  cheats,  frauds  and  swindlers  of  all  kinds, 
Dozcnsof  01  her  schemes  of  the  most  exlravagant  kind  were 
started.  Some  do  not  believe  it  possible  to  organize  a  company 
"to  make  deal  boards  out  of  sawdu.st,"  yet  Mattland,  in  his 
"History  of  Loudon,"  says  (63:1,  87)  that  such  a  company 
not  only  existed,  but  received  great  enconrageraeal.  There 
was  another  "for  the  transmutation  of  quicksilver  into  a 
malleable  fine  mctfti,"  and  one  for  extracting  silver  from  lead. 
A  company,  capitalized  at  a  million  dollars,  to  a>ustruct  a 
wheel  to  be  run  by  perpetual  motion,  was  not  the  only  proof 
of  the  almost  universal  insanity.  There  was  a  company  to 
make  square  cannon  balls.  Permits  to  join  a  company  which 
would  be  organized  "sometime,"  for  the  manufacture  of  a  new 
kind  of  sail-cloth,  were  sold  at  sixty  guineas  each, — the  .stock 
had  to  be  paid  for  in  addition  to  this.  There  was  another, 
entitled  "A  company  for  carrying  on  an  undertaking  of  great 
advantage,  but  nobody  to  know  what  it  is."  Mackay  (I,  S8) 
says  he  is  following  scores  of  credible  witnesses  when  he  states 
that  even  so  palpable  a  swindle  as  this  found  dupes.  Within 
five  hours  after  the  swindler  opened  his  office  for  the  .sale  of 
stock,  a  thousaud  shares  of  one  hundred  pounds  each  had  been 
fiubaCTibed  for,  and  partly  paid;  the  rascal,  finding  himself  in 
poaseaston  of  two  thousand  pounds  for  so  little  outlay,  left  im- 
mediately for  the  continent,  and  was  never  heard  of  again. 

After  about  eight  months  the  South-Sea  Bubble  burst,  be- 
cause the  unnatural  state  of  mind  could  not  last  always.  Prices 
fell  rapidly;  fortunes  were  lost  in  a  day;  many  who  were  wealthy 
in  the  morning,  were  paupers  at  night.  And  as  intimated 
elsewhere,  the  bitterest  feeling  was  aroused.  Parliameut. 
which  had  given  encouragement  to  the  scheme  liefore,  now 
confiscated  the  property  of  the  organizers  of  the  company. 

The  Tulip  Mania.  It  was  not  so  strange  to  see  the  mer- 
curial Freuch  run  wild  after  a  chimera,  as  to  see  the  cold- 
blooded Anglo-Saxons,  and  especially  so  prudent  a  people  as 
the  Dutch.    Yet  Holland  went  road  over  the  tulip  abont  a  ceo- 
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lury  before  France  and  England  had  their  cra7.6S,^or  more 
exactly,  in  1634.  At  this  date  "the  ordinary  industry  of  the 
oountiy  was  neglected,  and  the  population,  even  to  the  lowest 
dregs,  embarked  in  the  tulip  trade"  (68:1,  141).  The  mania 
had  reached  snch  a  stage  in  1635  that  ttilips,  like  precious 
stones,  were  sold  by  weight;  the  standard  was  the ^^rvV.  less 
than  one  grain.  Many  paid  as  much  as  100,000  dotins  for 
forty  bulbs.  Some  invested  tbeir  entire  fortune  in  the  pur- 
chase of  one  bulb.  If  a  man  bad  no  money,  he  gave  what  be 
had.  One  person  offered  twelve  acres  of  building  ground  for 
a  single  root  of  a  fine  variety,  the  Haarlem;  another  gave  in 
exchange  for  an  Amsterdam,  "4.600  florins,  a  carriage,  two 
gray  horses  and  a  complete  set  of  harness"  (68:1,  142). 

Id  view  of  all  this,  we  are  not  suprised  that  a  sailor  who  ate 
a  talip,  believing  it  to  be  an  onion,  was  put  in  prison  for  sev- 
eral months,  The  value  set  upon  that  particular  bulb  was 
$1,400 — enough  to  provision  a  ship's  crew  for  a  whole  year. 

Mackay  says  (1,147):  "Nobles,  citizens,  farmers,  mechanics, 
seamen,  footmen,  maid-servants,  even  chimney  sweeps  and  old 
clothes-women,  dabbled  in  tulips."  Those  who  had  property 
sold  it  at  ruinous  prices  in  order  to  become  speculators. 

It  should  be  said  that  it  was  love  uf  the  Bowers  that  led  to 
high  prices;  speculation  followed  naturally;  and  when  it  began, 
foreigners  caught  the  craic,  and  poured  into  Holland  from  all 
directions.  The  bolbs  were  publicly  sold  in  the  Stock  lix- 
chauge  in  I^ndon,  in  1636,  and  several  years  later  one  tuiip 
brought  seventy-five  pounds. 

In  Holland  it  became  necessary  to  enact  a  special  code  ol 
laws  for  the  guidance  of  dealers  in  tulips.  They  had  their 
tulip-notaiies  and  tulip-clerks  who  devoted  all  their  time  to 
talip  trade.  The  fever  was  at  its  height  for  about  two  years, 
when  the  people  regained  tbeir  senses,  and  found  their  country 
practically  l>ankrupt  (68:1,  147). 

VII.     Latbr  Rbugious  Epiohuics. 

Interesting  phenomena  are  to  be  found  among  religious 
sects  even  as  far  back  as  the  beginning  of  the  second  century 
of  the  Christian  era.  The  Adamites,  who  prayed  nude,  the 
Ophites,  who  worshipped  the  serpent,  the  Gnostics,  with  their 
loathsome  religions  rites,  the  Montanists,  who  always  carried 
lamps  and  who  had  visions  in  which  they  saw  the  soul,  "soft, 
delicate  and  shining,"  the  Simmachians,  who  practiced  self- 
mutilation,  and  the  Massabiani,  who,  besides  showing  other 
peculiarities,  always  carried  sacks  on  their  backs,  breaking 
forth  into  wild  leaps,  all  possess  very  great  interest  from  our 
point  of  view,  but  because  of  the  limited  scope  of  our  nnder- 
taking  it  is  considered  best  to  concentrate  on  certain  religious 
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epidemics  of  modem  times.  Beginning  with  certain  sects 
which  arose  tn  the  seventeenth  century,  we  shall  give  a  brief 
sketch  of  these  tn  order  to  obtain  facts  for  a  comparative  etudy, 
and  then  take  up  more  fully  some  remarkable  examples  of  a 
later  date. 

George  Fax,  the  founder  of  the  Quakers,  claimed  to  have 
the  power  of  prophecy  and  clairvoyance,  and  also  of  miracu- 
lous healing.  His  mental  history  shows  btrikiug  resemblances 
to  that  of  Mohammed.  He  spent  much  time  in  solitude,  and 
fasted  much.  Once  be  fell  into  a  trance  which  lasted  fourteen 
days  (69:938).  But  it  is  the  peculiarity  of  the  sect  which  he 
founded  to  which  attention  is  now  to  be  given.  The  name 
given  to  the  sect  indicates  this  peculiarity;  the  "quaking"  or 
trembling  which  overcame  tbem  while  engaged  in  worship 
was  sometimes  so  violent  that  even  the  house  in  which  tbey 
sat  seemed  to  be  shaken  (c/.  Art.  "Quakers,"  in  Encyclopedia 
BrittanJca). 

The  Ranters  and  Fifth -monarchy  men  who  arose  about  the 
same  lime,  i.  c,  about  the  middle  of  the  seventeenth  century, 
were  not  affected  so  much  by  these  convulsions,  but  were 
even  worse  in  their  wild  fanaticism  or  mental  aberration.  In 
1657  the  Fifth -monarchy  men  formed  a  plot  to  kill  Cromwell; 
and  later  they  broke  out  in  insurrection,  claiming  to  have 
Jesus  as  their  leader.  Troops  were  called  out  against  them 
and  most  of  them  were  slain. — they  would  not  yield  because 
they  ctmsidered  themselves  invincible  (69  :  93). 

At  the  end  of  the  seventeenth  century  the  Cevennes.  or 
French  phophets,  another  sect  of  convulsion! sts  arose,  and  be- 
ing driven  from  their  own  country,  spread  the  disease  in  Ger- 
many, Holland  and  England;  in  the  latter  country  it  came  to 
the  attention  of  Charles  Wesley,  who  considere<l  the  contor- 
tions of  the  body  to  which  the  vjcliras  were  subject,  as  the 
work  of  Satan.  Evidently  Wesley  did  not  suspect  that  later 
his  brother's  preaching  would  produce  similar  results,  yet  it  is 
among  his  followers  that  some  of  the  best  examples  are  to  be 
found.  Indeed,  Wesley's  biographer  seems  to  consider  it  an 
honor  to  Wesley  that  he  could  compare  so  favorably  with 
Whitefield  in  this  respect  (69  :  940).  And  Wesley,  so  far  from 
seeing  anything  diabolical  in  it,  "acknowledged  the  finger  of 
God."  It  is  interesting  to  learn  from  his  description,  that 
eveu  sceptics  might  be  attacked  while  watching  those  affected 
(69  :  940  f. ) . 

The  Jumpers,  who  arose  in  Wales  about  1740.  are  described 
by  Wesley  as  presenting  the  same  phenomena  that  we  have 
found  among  his  own  followers.  According  to  him,  "they 
would  sing  the  same  song  over  and  over  again,  thirt>-  or  forty 
times,   till   some  of  tbem  worked  themselves  iuto  a  sort  ol 
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drunkenness  or  madness;  then  they  were  violently  agfitated  and 

leaped  up  and  down  in  all  manner  of  postures  frequently  for 
hours  together"  (69  :  940). 

Just  about  a  century  after  the  founding  of  the  Quakers,  by 
Pox,  another  similar  sect  arose  of  which  the  ruling  spirit  was 
"Mother"  Aniie  Lee,  whom  her  followers  believed  to  be  the 
leincamatiun  of  Christ.  She  and  her  fcllowt-rs  cjainied  the 
gift  of  prophecy,  the  gift  of  healing,  and  sometimes  the  gift  of 
tongues.  Their  name  also  was  given  them  because  of  the  vio- 
lent shaking  which  usually  came  upon  them  duriug  their  wor- 
ship. Dancing  was  considered  a  part  of  worship,  according  to 
ttanr  own  historians  (69  :  941-2).  After  their  removal  to  Xew 
York,  near  the  close  of  the  eighteenth  century,  many  grave 
charges  were  made  against  them,  and  some  of  these  are  admit- 
ted by  the  Shakers  theniftclves.  Thomas  Brown,  who  was  for 
a  time  a  member  of  the  Shaker  six:iety,  and  who  has  given  us 
an  excellent  history  of  that  Hxit,  says  (p.  322)  that  it  was  their 
custom  to  shot  themselves  in  from  the  world,  and  dance  al>so- 
Intely  naked,  men  and  women  together;  yet  strange  to  say,  he 
denies  the  rumors  that  the  grossest  immorality  was  practiced 
on  these  occasions. — he  even  says  that  one  young  woman  was 
stripped  naked  and  publicly  whipped  for  manifesting  improper 
desires.  Id  the  face  of  all  this  one  is  naturally  curious  to 
know  what  this  historian  is  keeping  back  in  regard  to  the 
practices  of  these  people,  for  be  says  there  are  some  things 
which  modesty  forbids  him  to  speak  of. 

About  the  time  the  Shakers  arose  in  England  the  Couvul- 
sionnaires  arose  in  France.  The  grave  of  a  greatly  beloved  man 
had  l)een  visited  for  years.  Finally  it  was  reported  that  mira- 
cles had  taken  place  at  his  grave;  the  excitement  caused  was 
so  great  that  some  were  seized  with  "convulsions  and  tetanic 
spams."  This  caused  multitudes  to  go  to  the  cemetery  daily 
to  witness  the  strange  spectacle.  The  excilemeut  assumed 
such  proportions  ihat  I^ouis  XV  isaued  an  order  that  the  ceme- 
tery should  he  closed, — but  laws  are  powerless  under  such  cir- 
cumstances. The  number  of  victims  increased  to  snch  an 
extent  that  soon  there  were  almost  a  thousand  Convulsioonaires . 

Many  of  the  patients,  in  addition  to  suffering  from  convul- 
sions, were  attacked  by  violent  pains,  which  were  relieved  by 
their  friends  (called  secourisfs),  by  very  rough  treatment,  as 
were  the  dancers  of  the  Middle  ages.  According  to  Hecker 
(p.  148),  "the  sufferers  were  beaten  and  goaded  in  various 
I»rts  of  the  body  with  stones,  hammers,  clubs,  swords,  etc..  of 
which  treatment  the  defenders  of  this  extraordinary  sect  relate 
the  most  astounding  examples,  in  proof  that  severe  pain  is  im- 
peratively demanded  by  nature,  in  this  disorder,  as  a  counter- 
irritant. —It  is  slated  that  some  Con vul sionnaires  have  borne 
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from  six  to  eight  thousand  blows,  .  .  .  without  danger."  This 
author  says  farther  {he  tit.),  that  "sometimes  the  patients 
bounded  from  the  ground  impelled  by  the  convulsions,  like  a 
fish  wlieu  out  of  water;  hence  it  is  not  strange  that  women  and 
girls,  not  wishing  to  appear  indecent,  put  on  gowns  made  like 
sacks,  closed  at  the  feet.  .  .  .  They  showed  great  agility/ 
.     .  and  ii  is  scarcely  necessary  to  remark  that  the  female 

sex  especially,  was  distinguished  by  all  kinds  of  leaping,  and 
almost  inconceivable  coniortions  of  the  body.  Some  spun 
round  on  their  feet  with  incredible  rapidiiy,  as  is  related  of  the 
dervishes;  others  rau  their  heads  against  walls,  or  cur\'ed  their 
bodies  tike  rope-dancers,  so  that  their  heels  touched  their 
shoulders. ' ' 

This  mania  of  the  Con  vnlsionnaires  con  tinned  to  rage  for  about 
sixty  years,  or  until  the  upheavals  of  the  French  Revolution 
struck  it  a  blow  that  weakened  its  force,  and  gradually  brought 
it  to  an  end.  The  moral  condition  of  the  conimunily  during 
this  time  is  hard  for  us  to  realize.  "The  grossest  immorality," 
says  Hccker  (p.  149),  "found  in  the  secret  meetings  of  the 
believers,  a  sure  sanctuary,  and  in  their  bewildering  devotional 
exercises,  a  convenient  cloak."  Secret  meetings  are  spoken  of 
in  this  quotation: — in  the  year  1762.  parliament  passed  a  law 
against  the  "Grands  Secours,"  or  their  harsh  method  of  treat- 
ment, and  this,  to  them,  was  virtually  a  law  against  their  reli- 
gion; or  at  least,  a  law  against  public  meetings,  for  they  felt 
that  they  must  "cure"  the  suffering  even  if  they  had  to  have 
secret  meetings  for  that  purpose;  and  so  from  this  time  on  they 
met  in  secret.  Whether  these  extravagances  coutiuued  or  not 
after  the  Revolution,  I  have  been  uuablo  to  ascertain;  the  seel 
was  still  in  existence  at  the  end  of  the  first  quarter  of  the  nine- 
neeuth  century,  but  without  the  convulsions  (49:150). 

We  may  say  that  religious  mania  was  not  only  epidemic,  but 
pandemic,  during  the  eighteenth  century,  for  it  spread  through- 
out  America  as  well  as  Europe.  And  as  America  furnishes 
some  of  the  latest  and  best  material,  all  further  information 
may  be  drawn  from  our  own  country. 

Although  the  epidemic  was  not  confined  to  any  particular 
section,  the  best  example  is  the  one  known  as  the  Kentucky 
Revival,  which,  about  the  end  of  the  century,  swept  over  sev- 

'Thcrr  ttna  *  diseHse  in  Scotlsjid  at  about  tbia  date,  poaacftsiug  tbe 
physical  peculiarities  of  ihe  religious  macias,  in  a  somewhat  dlSereut 
and  exaggcrBtcd  form.  They  hail  (its  ol  daucing,  durin];  which  they 
had  all  tbe  appearniice  of  maduess;  often  they  ran  with  woaderful 
speed,  eren  orer  very  daaeerous  ground ;  sometimes  when  confiaed 
in  tbe  houttr  thcjr  would  climb  in  a  most  singular  manner,  leaping 
from  one  crosa-beam  to  another  with  the  aKJlity  of  a  cat.  or  whirling 
around  one  "with  a  motion  resembling  the  fly  of  a  Jack." — C/.  Hdin- 
burgb  Med.  and  Surg.  Jour.,  Vol.  Ill,  p.  434. 
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eral  states,  but  centretl  in  Kentucky.      Here  c\'erythiiig  else 

dwindled  into  insignificance,  and  for  four  or  five  years  all 
minds  were  concentrated  on  religion.  During  this  time  catnp- 
meeliDgs  were  in  almost  continuous  progress,  and  people  came 
ID  wagons  forty  or  fifty  miles,  bringing  provisions  enoogh  to 
last  while  the  meetings  continued.  To  borrow  the  language 
of  Dr.  Davidson,  who  has  written  a  history  of  this  ruvival, 
"the  laborer  quitted  his  task,  age  snatched  his  crutch,  youth 
forgot  his  pastime,  the  plough  was  left  in  the  furrow,  business 
of  all  kinds  waa  suspended,  bold  hunters  and  sober  matrons, 
young  men,  maidens  and  little  children  flocked  to  the  common 
centre  of  attraction."  The  usual  estimate  of  the  number  of 
people  present  at  Cane  Ridge,  where  the  greatest  excitement 
prevailed,  is  twenty  thousand  (63:26),  though  some  hare 
thought  that  this  Bumber  should  be  doubled. 

A  crowd  of  this  kind,  oppressed  by  a  "pungent  sense  of  sin,*' 
when  gathered  together  for  the  purpose  of  worship,  would, 
even  with  leas  emotionnl  and  impassioned  preaching,  develop 
no  small  degree  of  excitement. — and  this  was  redoubled  under 
the  conditions  usually  present  in  these  meetings.  One  must 
remember  that  the  meetings,  which  had  continued  probably  the 
greater  part  of  the  day.  were  prolonged  till  late  at  night — in- 
deed, usually  even  uutil  morniug.  during  all  of  which  time 
songs  were  sung,  fervent  prayers  were  offered,  and  perfervid 
preachers  pictured  the  glories  of  heaven,  or  the  horrors  of  hell, 
i  nwords  that  burned.  The  glaring  light  of  camp-fires  reveal- 
ing long  ranges  of  tents  through  the  darkness,  the  light  of 
fiabhing  torches  and  flickering  candles  falling  upon  the  dense 
ma.-^  of  peo]>le  and  showing  thousands  of  heads  bowed  in 
prayer,  and  the  groans,  the  sobs  and  the  shrieks  of  those  suf- 
fering intense  anguish  of  mind,  all  conspired  to  make  the  scene 
more  weird,  "to  invest  it  with  terrific  interest,"  and  thus  pro- 
duce that  delirium  of  excitement  the  like  of  which  has  never 
been  seen.  One  other  factor  contributing  to  this  end  was  the 
fact  that  women  and  children,  as  well  as  men,  preached;  the 
preaching  of  one  little  girl  of  seven  and  a  boy  of  twelve  were 
said  to  be  especially  effective  ( 1 15:499  f  )■ 

The  physical  effects  that  followed  on  these  occasions  were 
most  remarkable.  A  great  number  were  seized  with  an  impulse 
to  leap  or  jump,  from  which  fact  the  people  connected  with  the 
revival  are  generally  knowu  in  Europe  as  the  "Jumpers," 
although  that  was  one  of  the  least  interesting  of  the  physical 
characteristics.  Some  became  cataleptic  aud  remained  in  that 
condition  from  a  few  minutes  to  several  days  (113:502). 
Many  were  afFcctcd  with  the  "jerks,"  a  spasmodic  contraction 
of  the  muscles  which  sometimes  caused  the  head  to  turn  from 
side  to  .<iide  with  such  rapidity  that  the  features  were  tndisttn- 
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guishable  (113:503);  sometimes  the  whole  body  was  affected 
and  the  bead  was  jerked  backward  and  forward  so  violently 
that  Che  bead  almost  touched  the  floor  behind  and  before 
( 1 13:503),  and  the  reversal  of  the  motion  was  so  sudden  tba 
the  hair,  if  it  was  long,  would  "crack  and  snap  like  a  whip 
lash"  (113:503).'^  According  to  Barton  W.  Stone,  one  of  the 
most  prominent  religious  leaders  of  his  day.  it  was  not  alone 
the  weak  in  body  and  mind  that  were  subject  to  these  violent 
convulsions — but  "all  classes,*  saints  and  sinners,  the  strong 
as  well  as  the  weak"  (113:503),  and  in  the  same  connection  he 
says  he  has  seen  some  thrown  to  the  earth  by  the  violence  of 
their  convulsions  white  they  were  cursing  the  jerks.  But 
while  it  is  true  that  all  classes  and  all  ages,  from  the  child  of 
six  or  less*  to  the  man  of  sixty  were  subject  to  these  convul- 
sions (85:5  f.),  it  is  also  true  that  women  aud  children  were 
more  commonly  affected,  and  according  to  Dr.  Felix  Rofiertson 
(p.  5),  particularly  those  from  fifteen  to  twenty-five- 
Richard  M'Nemar,  who  was  one  of  the  preachers  in  the  re- 
vival, aud  who,  as  an  apologist,  would  certainly  not  exagger- 
ate, says  (p.  61)  that  some,  stretched  at  full  length,  rolled  on 
the  ground  like  a  log  for  hours  at  a  time,  others,  drawn  double, 
with  head  and  feet  together,  rolled  round  and  round  like  a 
wheel,  and  still  others  were  dashed  to  the  ground  aud  "bounced 
from  place  to  place  like  a  football."  Evidently  it  is  this  last 
phenomenon  which  Hecker  (p.  148)  aud  McMaster  (p.  58} 
describe  in  a  more  fitting  figure  when  thej*  compare  the  mo- 
tions of  the  sufferer  to  those  of  a  live  fish  out  of  water.  Others, 
according  to  Mooncy's  report  (p.  963),  hopped  about  like  frogs. 
Aft«r  the  convulsions  began  in  violent  form,  the  sufferer  was 
absolutely  powerless, — he  was  as  a  leaf  in  a  whirlwind;  *   but 


^Dr.  Davidson  wonld  not  record  cHses  of  this  kiiiil  nntit  he  got  in- 
formatioo  from  cyc-witmHSCS.  Dr.  Yandell  foUowinl  bis  example.  I 
cull  introduce  the  Mime  kiml  of  teMtmony.  for  my  f^rsndmoiber  wit 
oeSBcd  these  peculiar  phenomena  among  the  jerlcera  in  Tennessee. 

*  Ijorenzo  Dow,  one  of  the  revlvBlists.  in  deacribing  his  mcetingi  at 
■nd  near  Knoxville,  Tennessee,  say*:  "I  have  seen  Methodist*.  Bap- 
ti^ta,  QuaVciB,  Church  of  Unsland,  and  Inrlependents  exercised  with 
the  jerks — gentlemen  and  lames,  htack  aiul  white,  rich  anil  poor  with- 
out exception.  Those  philosophers  who  wish  to  utt  it  to  philosophize 
Dpou  it  aud  the  iuo*t  goHly  are  excepted  from  the  jerks.  The  wicked 
are  more  afraid  of  it  ihan  the  smuH-pnr  or  yellow  fever."  The  I*re«- 
bytcciana  might  have  been  added  to  the  list  of  denominations  he  gave, 
for  it  was  among  them  that  the  Kentucky  Revival  be^an. 

"Jonathan  Edwards  (2  :  15S)  tells  of  a  child  of  funr  being  so  afiectcd 
in  one  of  his  meetings;  in  fact,  Bdwarrls  gave  special  attention  to 
children  and  was  anxions  to  get  as  many  as  possible  ondet  this  in- 
Suence  {Im.  cit.). 

*  It  was  impossible  to  quiet  one  who  had  the  convulstomi;  rM  efforta 
la  that  direction  usually  made  one  worse;  and  bcaidcis,  one  man  conld 
scarcely  be  rcatrained  by  five  or  six,  so  great  was  his  strength  when 
in  this  condition  {.49-)44)< 
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when  they  came  m  the  form  of  the  jerks,  which,  in  the  earlier 
stages,  were  mere  twilchings  of  the  limbs  ami  muscles  that 
move  the  head,  the  sufferer  might  protect  himself,  in  a  measdre, 
by  holdings  to  some  stationary  object.  In  some  places,  when 
clearing  the  ground  Lo  make  an  openiu;;  to  accommodate  the 
crowds,  saplings  were  cut  uS  breast-bigb  and  left  "for  the 
people  to  jerk  by."  McMaster  (p.  581)  refers  to  one  place 
where  there  was  quite  a  grove  of  these  stamps  aronnd  which 
the  earth  was  kicked  up  "as  by  a  horse  stamping  flies." 

Many  fell  suddenly  to  the  earth  as  in  an  epileptic  fit;  this 
was  called  "the  falling  exercise."  One  person's  falling  seemed 
lo  be  the  signal  for  others;  in  other  words,  it  was  very  conta- 
gions. Where  these  vast  crowds  were  assembled,  the  number 
of  those  affected  ran  into  the  hundreds;  indeed,  M'Neraar  re- 
ports (p.  26)  that  on  one  occasion  three  thousand  fell;  this 
statement  is  made  on  the  basis  of  an  actual  attempt  to  count 
the  "spiritually  slain."  as  those  who  fell  were  called.  These 
were  taken  away,  to  prevent  their  being  trampled  upon  by  the 
jumpers,  and  laid  in  rows  in  the  meeting-house,  which  was  re- 
served for  this  purpose — the  preaching  being  in  the  open  air. 
Some  of  these  persons  were  unable  to  move  for  quite  a  while; 
some  could  merely  kick  the  floor  with  their  heels;  some  were 
soon  up  and  among  the  jumpers,  the  jerkers  or  the  rollers,  or 
perhaps  rushing  wildly  about  in  the  forest  (62:581). 

There  was  another  class  known  as  the  "barkers;" '  accord- 
ing to  Brown  (p.  34,'^)  and  M'Ncmar  (p.  62)  both  of  whom 
were  on  the  ground,  people  would  get  down  on  all-fours  and 
bark  and  growl  like  dogs.'  Mooney  (p.  943)  adds  that  they 
would  get  down  in  front  of  the  preacher,  and  bark  as  long  as 
he  preached.  At  first  those  who  had  the  barks  felt  very  much 
humiliated  at  being  compelled  to  do  a  thing  that  seemed  so 
degrading,  but  later  they  were  regarded  as  po.sscising  a  larger 
measure  of  the  Holy  Spirit  (69:943);    probably  it  was  then 


1  Barking  maoiaa  have  broken  oat  from  time  to  time  since  the  fifth 
eeaturj'.  hot  they  are  oot  aecessarily  connected  with  religion.  Some- 
times  the  imittitiou  i»  of  a  cat,  a  sheep,  or  a  dove,  instead  of  a  dog. 
See  Diet.  Psycb.  Med.,  .Vol.  I,  p.  43$:  Havelock  Ellis,  "Man  and 
Woman"  (PA.  1904),  p-  353;  Calmeil,  Dc  la  folie,  t.  I,  p.  513. 

*Thi*  performance  has  beeu  closely  para1Icle<i  lu  recent  years  by 
some  of  the  RuMiaa  aecu.  Besides  maaifesttnK  the  more  common 
phyittcal  pbeaomena,  inclnding  the  dance,  the  'Whirling  of  the  der- 
vishes, and  convnlsioiia,  "men  and  women  teai  off  their  jisf  mculi  and 
go  abont  on  all-foarfl,  ride  on  one  another's  backs,  ana  give  wav  to 
the  sexual  erethism  which  had  l>een  exalted  to  the  highest  point" 
(Bllie,  353-il),  yet  they  call  themselves  Christs,  and  actnally  claim 
to  posftCAs  a  portion  of  divinity,  and  to  be  worthy  of  adoration; 
it  IS  admittecl  that  they  are  aitCetlc  onder  normal  condition.t,  but 
arc  carried  hcyond  themselves  by  an  excitement  which  they  be- 
lieve is  of  divine  origin. 
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that  the  disease  became  more  persistent,  for  we  are  told  that 
some  continued  their  harking  "from  month  to  month"  (6.^:62), 
It  scarcely  need  be  mentioned  that  all  who  participated  in  these 
meetioKS  believed  all  these  phenomena  to  be  the  manifestation 
of  the  Holy  Spirit  which  bad  taken  possession  of  the  man,  soul 
and  body.  It  is  interesting  to  note  that  in  the  Middle  Ages, 
phenomena  similar  to  these  were  attributed  to  the  devil,  and 
the  "possessed"  were  exorcised  by  the  priests.  It  is  interest- 
ing, furthermore,  to  notice  that  the  faith  of  those  who  believed 
iu  the  divine  influence  was  never  shaken  by  the  fact  that  cold 
watur  dashvd  on  a  auflerer  might  cure  him.* 

The  barkers  finally  teamed  that  dancing  would  give  relief, — 
that  it  would  as  it  were,  drain  oflf  the  surplus  nervous  excite- 
ment, and  they  preferred  voluntary  dancing  to  involuntary 
barking,  according  to  M'Nemar  (pp.  62-3).  One  of  the  min- 
isters, so  the  same  author  says,  set  the  example,  and  soon  the 
dance  came  to  be  regarded  as  a  part  of  the  worship  (63  :  603. 

The  "holy  laugh"  was  another  peculiar  feature  of  this  revi- 
val. Sometimes  while  the  sermon  was  in  progress  half  the 
congregation  would  be  laughing  aloud  in  the  most  serious 
way — if  it  be  not  a  contradiction  to  say  so — for  they  regarded 
it  as  a  part  of  the  worship  (113  :  505). 

One  would  naturally  expect  many  serious  injuries  if  not  a 
few  fatalities,  from  the  violent  actions  of  those  so  powerfully 
effected,  but  singularly  enough,  we  find  no  record  of  such;  on 
the  contrary  we  are  told  (18  :  346-7;  69  :942)  that  very  few 
hurts  were  received,  and  those  were  not  at  all  dangerous. 
Evidently  those  most  under  the  influence  of  the  excitement 
were  largely  if  not  wholly  anaesthetic.  This  was  confirmt-d  by 
Occident  in  one  case.  A  pbystcian  administered  hartshorn  to 
a  young  man  who  had  fallen,  in  order  to  revive  him.  and 
spilled  some  in  his  nose,  but  he  took  no  notice  of  it  (ny.soi). 

There  is  reason  to  believe  that  all  the  after-effects  have  not 
been  recorded  by  the  historians  of  the  revival;  and  this  is  not 
strange,  for  being  themselves  participants,  they  might  natu- 
rally, as  apologist.s.  keep  silent  on  the  most  nbjectionable  fea- 
tures, or  at  least  fail  to  attribute  them  to  their  true  cause.  In 
view  of  the. results  of  such  excitement  in  other  places  one  is 
surprised  not  to  find  record  of  more  cases  of  permanent  insan- 
ity.   If  the  New  England  Revival  ■  which  did  not  by  any 


*.\  ministrt  iu  the  Sbctland  UIbuiIb  barittf;  bis  sermuns  frequently 
tnterrtiptetl  by  gtcTerB)  members  who  were  snbjwit  to  thc»e  conriilsive 
attack»,  Mnnotmreil  to  bia  coD}{regatioit  that  itumrrsion  in  cold  water 
wu  the  moM  eSeciual  remedy  known  for  tb«l  trouble,  and  tbal  in 
future  those  who  were  attacked  would  be  taken  to  11  near-by  lake.  It 
Deed  cc«rrcl  j-be  *«iti  tlint  be  never  had  occitsioii  to  u«e  the  remedy, 

'Tbe  New  BugUnd  Revival  tttnTte<l  in  1734  un'Ier  the  preaching  ol 
Jonstban  Bdwafdi;  but  the  extravagances  of  this  were  far  snrpasMd 
by  the  Greet  AwakeniDg  which  occurred  fire  years  later.     Thia  was 
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meaDB  assume  the  proportions  of  the  Kentucky  Revival,  re- 
sulted ID  a  mauia  for  suicide  (63a:  II,  159)  it  would  be  ex- 
pected that  mental  aberration  would  not  be  absent  from  the 
latter.  It  is  probable,  also,  that  the  health  of  many  was  per- 
manently injured;  in  fact  vtc  are  told  (49:152)  that  many  re* 
tained  for  life  some  nervous  disorder  which  resulted  frum  the 
excesbivc  excitement.  Interesting  cases  in  a  different  section 
of  the  country  will  be  given  in  another  connection. 

While  the  Kentucky  Revival  proper  ended  about  1805  (hav- 
ing begun,  as  usually  reckoned,  in  1800),  that  variety  of  reli- 
gious excitcmeni  has  continued  even  down  to  the  pr&sent.  A 
wave  which  would  have  been  considered  remarkable  but  for 
being  overshadowed  by  that  which  we  have  descrit>ed,  over- 
ran Ohio,  New  York  and  some  of  the  New  Hnglaud  states 
about  the  middle  of  the  last  centiir>';  bnt  since  that  time  it  has 
constantly  decreased  ai  an  epidemic,  and  grown  milder  in  form. 
1  have  studied  the  question  at  first-hand  in  s<>me  of  the  South- 
em  states  which  were  so  much  affected  by  the  Kentucky  Re- 
vival, and  I  find  that  jumping,  or  shouting  as  it  is  now  nsn- 
ally  called,  is  practically  the  only  "bodily  affection"  in  recent 
years,  and  even  this  is  not  common.  Other  sections  of  the 
countr>*  now  have  severer  forms  than  I  have  met  with  even 
among  the  negroes  of  the  South  withiu  the  last  decade.  The 
Holy  Rollers  were  to  be  seen  iu  Worcester,  Mass..  only  two  or 
thret!  ytars  ago;  the  Holy  Jumpers  arc  found  in  several  of  the 
Western  states  to-day.  The  Shakers  in  Maine,  Prince  Edward 
Island,  and  perhaps  in  other  places,  still  present  the  same 
peculiarities,  and  consider  dancing  a  part  of  the  divine  service. 

Since  the  great  revival,  and  particularly  in  the  last  quarter 
of  a  century,  a  number  of  sects  have  sprung  up  which  make 
even  more  extravagant  claims  than  those  a  century  ago.  Like 
these,  they  claim  to  see  visions  and  to  speak  with  tongue.^; 
many  of  them  claim  to  work  miracles,  and  some  claim  to  be 
Christ  reiiicaruate.  The  Millerites.  founded  la  1831.  and  now 
numbering  about  tvvcnty  thousand,  still  hold  together,  not- 
withstanding their  disappointment  at  Christ's  failure  to  return 
to  earth  iu  1843.  as  they  expected.  The  Bcckmanites.  founded 
in  Illinois  in  1875.  by  Mrs.  Beekman,  and  now  presided  over 
by  her  successor,  Schweinfurth,  both  of  whom  have  claimed  to 
be  Christ,  still  gain  new  members.     In  1888,  a  man  by  the 


tlie  time  of  the  excitement  aroused  id  ^SngUnd  by  the  Wetleya  and 
Wbitefield:  in  faci.  Ibcy  made  a  visit  to  America  dnriag  tbit  revival, 
aud  Whitcficld  took  <juiie  an  active  pArt  in  it.  All  «uch  convulsive 
reli){ioiis  epidemics  are  regarded  by  Wicke,  Hecket  and  Haesei 
(44:  n,  179J  as  forms  of  the  dsncinK  mania.  Fort  (p.  363,  5>  agrees 
Willi  tticac  Writers  as  to  the  outward  rcscmblajtce  of  the  religions  to 
the  dancing  epidemic,  but  he  differa  sa  to  the  cause. 
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name  of  Brown,  near  Chattanooga,  Tennessee,  claimed  to  be 
tbe  HsenCbri.st,  and  was  actually  worshipped  as  such.  Some 
of  his  followers  offering  to  die  to  prove  their  faith,  the  sheriff" 
stepped  in  and  drove  Brown  from  the  neigbborbood.  A  year 
later,  a  similar  craze  arose  among  the  negroes  of  Georgia  aud 
South  Carolina.  A  number  of  negroes  claimed  to  be  Christ, 
and  a  sect  known  as  the  '  'Wilderness  Worshippers' '  was  formed, 
and  a  temple  and  an  ark  were  built.  When  their  enthusiasm 
led  to  the  killing  of  a  woman,  the  leaders  were  adjudged  in- 
sane and  sent  to  the  asylum;  many  others  were  pnt  under 
arrest  and  held  in  custody  till  tbe  excitement  died  out.  At 
the  same  time.  Indiana,  Illinois  and  Missouri  were  visited  by 
the  ''Heavenly  Recruits,"  who  showed  the  same  extravagance 
of  mental  and  physical  phenomena,  till  the  civil  authorities 
"put  a  stop  to  tbe  mental  aud  physical  demoralizatiou  (69:  944 
ST.).  "Zion"  and  "Shiloh"  being  just  now  at  their  height, 
need  but  to  be  mentioned.  The  Doulchobors,  one  of  the  most 
interesting  of  modem  sects,  persecuted  by  the  Russian  govem- 
meut,  defended  by  Tolstoy,  and,  Snally,  allowed  to  seek  refuge 
io  Canada,  must  also  be  omitted  here. 

Such  striking  parallels  are  found  amoug  the  Indians  that  it 
will  be  well  to  mention  one  or  two  of  them  before  leaving  this 
subject.  The  Indians  ot  Paget  Sonnd  have  a  sect  of  Shakers; 
it  was  founded  in  1882  by  an  Indian,  Joliii  Slocum,  who  mis- 
took his  delirious  dreams  in  a  spell  of  bickiiL-ss  for  a  heavenly 
vision;  who.  in  short,  believed  he  had  been  to  the  gates  of 
heaven,  and  had  talked  with  Christ  face  to  face.  Having,  as 
they  believe,  a  direct  revelation,  they  do  not  care  for  the  Bible. 
While  their  worship  is  characterized  by  some  extravagances, 
especially  by  danciug,  their  life  is  above  reproach.  They  make 
special  war  on  drunkenness,  gambliug  and  such  vices,  they 
preach  honesty,  sobriety,  temperance  and  right  living,  and 
they  practice  what  they  preach  (69:  759). 

The  Ghost  Dnncers  originated  about  1890,  through  the  work 
of  Wovoka,  another  Indian  who  saw  "visions,"  and  was  tran- 
sported to  heaven  during  delirium,  caused  by  fever.  Though 
generally  known  as  the  "Messiah."  aud  usually  believed  to 
have  assumed  that  title  himself,  he  repudiates  all  claims  to 
divinity,  but  he  does  claim  to  be  in  constant  communication 
with  God,  and  maintains  that  he  has  been  given  power  over 
the  elements:  he  actually  opened  negotiations  with  tbe  powers 
at  Washington  "to  keep  the  people  of  Nevada  informed  of  aU 
the  latest  news  from  heaven,  and  to  furni.sh  rain  whenever 
wanted,  for  a  small  consideration  paid  at  regular  intervals' "  (69: 

773)- 

Their  ceremony  consists  in  forming  a  circle,  joining  hands, 

and   marching  around  tbe  leader,  singing  songs  of  suitable 
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rhythm;  this  is  kept  tip  till  some  become  eutranccd,  or  as  they 
express  it,  "go  to  the  spirit  world."  Most  who  go  into  trance 
become  cataleptic,  and  are  usually  allowed  to  fall  heavily  to 
the  )nt>und.  They  may  remain  in  this  rigid  and  unconscions 
condition  for  a  few  minutes  only,  or  for  hours.  Tn  many  in- 
stances, the  entranced  person  will  spin  around  like  a  whirling 
dervish,  or  maintain  some  difficult  postnrefor  a  length  of  time 
that  would  be  impossible  for  one  in  the  normal  condition 
(6g  :  925  ff. ).  Mr.  Mooney,  of  the  department  of  Ethnology 
at  Washington,  saw  a  young  Arapaho  become  rigid  in  trance 
night  after  night.  According  to  him  (p.  924),  this  young  man 
took  part  in  the  terrible  sun  dance  later,  "dancing  three  days 
and  nights  without  food,  drink  or  sleep." 

The  belief  that  the  Messiah  was  going  to  restore  the  old  or- 
der of  things  and  make  all  Indians  invulnerable  caused  the 
dance  which  he  instituted  to  be  generally  engaged  in,  and  the 
excitement  to  which  it  led  to  become  more  wide-spread.  It 
was  this  excitement  added  to  hunger  that  brought  to  a  focus 
the  disturbance  that  led  to  the  tragic  death  of  Sitting  Bull 
(69:845  ff.).  This  failure  of  their  prophecies  to  come  true 
shook  their  faith  and  caused  the  Ghost  Dance  almost  to  cease 
for  a  time  in  certain  tribes. 

There  is  a  peculiar  religions  disease  variously  knowu  {ac- 
cording to  its  form  aud  also  to  the  place  where  it  is  found)  as 
lata,  laitah,  ikota  and  klikuschi.  In  America  and  South 
Africa  it  is  found  without  the  religious  aspect.  In  this  coun- 
try the  people  who  are  aifccted  with  it  are  called  the  "Maine 
Jumpers*'  or  "Jtimping  Frenchmen."  According  to  Dr.  Beard. 
who  made  a  personal  study  of  them  (io:i70-92},  they  arc-,  as 
a,  rule,  mere  automata,  obeying  every  command  and  imitating 
every  action,  regardlessofdnngertothemselvcs  or  others.*  Con- 
sequently they  suffer  much  at  the  hands  of  thoughtless  or  cruel 
persons.  Some  of  them  who  are  hotel  waiters  have,  when 
commanded,  dropped  dishes,  or  thrown  glasses  across  the 
room;  others  have  been  made  to  strike  their  fists  through 
glass  doors,  and  even  jump  off  high  embankments.  Similar 
tricks  are  played  on  the  Javanese,  who  suffer  from  lata.  Ac- 
cording to  Mr,  Havclock  Ellis  (p.  336)  if  one  throws  off  his 
coat  in  the  presence  of  a  woman  who  is  affected  with  this  di- 
sease, she  will  immediately  undres.t  or  do  any  other  indecent 
act  that  she  sees  any  one  else  do,  yet,  at  the  same  time,  she  may 
be  very  indignant,  and  may  all  the  while  abuse  the  one  who 
caoses  her  to  do  such  things.  According  to  this  same  writer, 
a  man  who  was  subject  to  lata  wait  playing  with  his  child, 

'For  much  persoua!  informatioo  conccmHg  ttie  Jumping  rrrnrh- 
men,  I  am  indebted  to  Mr.  U.  I..  Briuaiu  who  lived  uuoug  tliem  10 
Canada. 
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when  a  bystander  taking  up  a  piece  of  wood  began  throwing 
it  up  and  catchiug  it;  the  father  did  the  same.  When  the  by- 
stander opened  his  arms  and  let  the  wood  fatl  to  the  floor,  the 
father,  through  irresistible  imitatiou,  opeued  his  arms,  aad 
his  child  fell  to  the  floor  and  was  killed. 

It  may  be  well  ia  closing  to  summarize  briefly  what  has  been 
said  in  regard  to  the  relation  of  the  general  mental  condition, 
or  tone  of  thought,  to  many  of  the  epidemics  considered,  and 
to  add  to  this  some  further  illustrations. 

For  centuries  before  the  period  with  which  we  are  primarily 
coucerned.  the  minds  of  all  had  been  steeped  iu  superstition. 
"Vulgar  traditions  and  unreliable  legends,"  says  Fort  (p. 
362),  "repeated  nightly  around  the  blazing  iiires  of  each  do- 
mestic hearth,  or  gravely  narrated  to  awe-struck  multitudes  at 
fairs,  public  markets  and  on  great  church  festival  days,  as- 
sisted in  maintaining  an  uureasooable  spiritual  activity:  the 
medi3e\'al  mind  was  held  to  an  abnormal  strain  by  the  impos- 
sible narration  written  in  monastic  annals."  The  Imagination 
was  kept  at  fever  heat;  miracles  were  supposed  to  be  taking 
place  everyday;  demonism  was  never  questioned,  and  the  ever 
increasing  belief  in  witchcraft  prepared  the  way  for  various 
other  delusions.  The  breakings  out  in  couvents,  of  such  fire- 
quent  occurrence  in  the  Middle  Ages,  were  due  to  the  mental 
food,  to  udinterrupted  religious  thoughts  and  practices,  which, 
combined  with  the  grossest  superstitions,  and  accentuated  by  a 
life  of  solitude  at  times  rendered  the  inmates  of  convents  quite 
abnormal.  It  is  safe  to  say  that  exaltation  of  spirit  which 
came  as  a  result  of  coustantwoisbipand  prayer,  combined  with 
the  conslant  fear  of  persecution,  prcpari-d  the  way  for  the  epi- 
demic martyrdom  of  the  early  Christian  church. 

Fort,  speaking  of  the  dancing  mania,  says  (p.  363):  "Ardent 
fanaticism  developed  from  abnormal  religious  fieuzy  and  irra* 
tional  social  life  and  aggravated  media:val  superstitious,  con- 
joined to  extreme  dread  of  swiftly  destructive  maladies, 
prepared  the  jiopnlar  mind  for  the  singular  disease  which 
swept  through  Germany  in  1374"  By  "swiftly  destructive 
maladies"  he  probably  meant  the  plague,  primarily,  for  it  had 
already  lelurued  several  times  since  134S.  He  may  have  re- 
ferred, also,  to  St.  Anthony's  fire,  that  terrible  disease  which 
burned  away  the  flesh,  and  let  the  joints  drop  apart,  so  that  a 
limbless  trunk  might  be  fonnd  by  the  roadside  praying  for 
death  or  begging  to  be  killed  (24:!,  54).  This  disease,  it  is 
believed,  turned  the  minds  of  many  toward  the  Holy  Land, 
t.  e..  inspired  them  with  a  desire  to  join  iu  the  crusades.  It  ts 
possible  that  the  English  Sweat,  another  lerrible  disease, 
which  occurred  first  in  14S5,  and  returned  four  times  by  1551, 
had  coDsiderable  influence  on  the  later  epidemics. 
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When  we  come  down  to  the  begtnuing  of  the  modern  period, 
where  we  find  remarkable  examples  of  religious  epidemics, 
especially  in  England,  we  find  suitable  mental  food.  There 
were  political  upheavals,  confiscations  and  consequent  ruin, 
want  and  brutal  treatment;  hatreds  were  intense,  persecutions, 
cruel  and  bitter,  and  as  a  result,  men's  minds  gave  way  under 
the  strain.  Many  lived  on  the  borderland  between  sanity  and 
insanity:  and  were  in  a  proper  mood  to  be  inflnenced  by  re- 
ported prophecies  and  miracles  which  were  so  common  at  that 
time.  Even  the  great  revivals  of  the  last  century  were,  an  a 
rule,  preceded  by  prophecies  of  Christ's  second  coming,  or  of 
the  end  of  tbe  world — reports  that,  when  believed,  move  men 
as  nothing  else  can.  What  the  Rev.  Mr.  Hells  says  of  the 
Shakers  of  Pugei  Sound,  the  Indian  sect  founded  by  a  man 
who  believed  he  had  been  to  heaven,  would  apply  equally  well 
to  the  religious  epidemics  previously  cou-sidered:  "When 
superstitions,  ignorance,  dreams,  imagination,  aud  religion  are 
all  mingled  together  they  make  a  strange  compound.'*  and,  he 
might  have  added,  they  produce  strange  resnlls. 


•  BlBLlOCRAPnV. 

NoTB.  The  following  works  have  been  contrahed  in  the  foregoing 
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MATHEMATICAI.    PRODIGIES.' 


By  Frank  D.  MircnsLL. 


The  object  of  the  present  paper  is  tbreefold  : 

(i)  To  give  a  5uniiaar>'  of  the  mathematical  prodigies' 
described  in  the  literature  of  the  subject,  without,  however, 
duplicating  unnecessarily  the  work  of  previous  writers. 

(2)  To  give  a  brief  account  of  the  writer's  own  case,  which 
is,  it  is  believed,  fairly  typical,  despite  certain  peculiar  limita- 
tions  to  be  described  later,  and  which  wilt  shed  light  on  cer- 
tain factors  in  mental  calcnlatiou  that  have  not  hitherto  re- 
ceived full  recognition. 

(3)  To  set  forth  a  new  theory  of  mental  calculation,  based 
Upon  the  foregoing  data,  and  locidentally  to  criticise  certain 
other  theories  hitherto  advanced  in  this  6eld. 


In  view  of  the  incompleteness  of  existing  data  in  most  cases, 
and  the  inaccessibility  of  some  even  of  the  existing  sources  of 
in  formal  ion,  a  complete  hisiory  of  the  mathematical  prodigies 
would  be  out  of  the  question.  We  shall,  therefore,  simply  at- 
tempt to  give  a  reasooablycomplete  list  of  those  of  whom  defi- 
nite information  is  available,  together  with  a  statement  of  the 
significant  facts  known  about  them.  A  few  names — that  of 
Euler,  for  example — have  been  omitted  on  account  of  the  ab- 
sence of  any  satisfactory  data  that  would  shed  light  on  the 
theory  of  mental  calculation;  aud  no  attempt  has  been  made  to 
collect  the  accounts  of  new  prodigies  found  ever>'  now  and  then 
in  the  newspapers.    Such  accounts  are  not  readily  accessible,  and 

^From  the  pHjcholoffical  Setniuary  of  Cornell  Cnivenlty. 

*  By  A  "mathematical  prodigy*'  ire  shall  mean  a  person  who  shows 
uan«aat  abilitr  in  uieut&l  arithmetic  or  mental  algebra,  mpectally 
wbea  thi«  ability  developfi  at  au  early  age.  and  Mcithoat  external  aids 
OT  special  tuition.  We  shall  nse  the  ward  "calculatt^r"  in  the  scn»c 
of  "mental  calculator,"  an  aayiionvm  for  "malhcuintic*!  prodigy. " 
and  shall  usually  mean  by  "calculatinii"  "meuial  ealrujation,"  au* 
leas  the  contrary  la  clearly  indicated  by  the  context.  A  "professional 
calculator"  wilf  be  taken  to  mean  a  mental  calculator  who  givea  pub- 
lic eshtbttiona  of  his  talent.  "Computer,"  howcTcr.  will  be  restricted 
to  mean  one  who  calculate*  on  paper.  All  problems  mentioned  as 
•olvcd  by  the  matbeniatical  nrodigies  will  tte  ondcrftood  to  be  done 
mentally,  onlesa  otberwise  inuicated. 
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are  usually  so  popular  and  unreliable  that  they  have  little  scien- 
tific value. 

There  are  several  possible  bases  for  a  classification  of  the' 
matbeaiatical  prodigies.  Wc  might  group  them  chrouologi- 
calty,  as  Scripture'  does;  or  by  the  extent  of  their  power,  as 
measured  cither  by  the  size  of  the  numbers  they  conld  handle 
or  by  the  rapidity  of  their  calculations;  or  by  the  degree  of 
their  mathematical  ability,  as  shown  by  the  character  of  the 
problems  they  solved  and  the  processes  they  used.  Or  we 
mitjht  classify  them  according  to  memory  type,  as  either  vis- 
ual or  auditor)'  calculators.  No  one  of  these  cla&sificatioas, 
adhered  to  consistently  throughout,  would  quite  answer  the 
purpose  here,  owing  to  the  great  unevenness  of  the  material  at 
hand  in  the  case  of  the  different  calculators.  An  arrangement 
has  therefore  been  adopted  which  is  in  part  chronological, 
but  which  is  modified  by  most  of  these  other  considerations. 
In  this  way,  so  far  as  the  crossing  of  the  different  principles  of 
division  permits,  those  men  are  in  the  main  brought  together 
who  are  most  naturally  compaTcd,  and  the  important  points  of 
resemblance  and  difference  come  out  more  coaveniently  than 
if  an  abstractly  logical  arrangement  were  adopted. 

\Vc  begin,  then,  with  Fuller  aud  Buxton,  who  have  much  in 
common,  and  who  ore  the  first  modern  calculators  about  whom 
reliable  data  arc  available.  Colhurn,  Mondeux.  and  Tnaudi 
form  the  next  group,  followed  by  Zauebnni,  Diamandi,  and 
Dase.  Then  come  the  two  Bidders  and  Safford,  followed  by 
Gauss  and  Ampere,  and  finally  those  who  may  be  called 
"minor  prodigies."  whether  because  of  limited  powers  of  cal- 
culation or  because  the  available  information  is  not  sufficient 
for  a  more  detailed  account. 

7'om  FttHer*  (1710-1790),  "the  Virginia  calculator."  came 
from  Africa  as  a  slave  when  about  14  years  old.  We  first  hear 
of  him  as  a  calculator  at  the  age  of  70  or  thereabouts,  when, 
among  other  problems,  he  reduced  a  year  and  a  half  to  seconds 
in  about  two  minutes,  and  70  years,  17  days.  t2  hours  to  sec- 
onds in  about  a  minute  and  a  half,  correcting  the  result  of 
his  examiner,  who  had  failed  to  take  account  of  the  leap- 
years.*    He  also  found  the  sum  of  a  simple  geometrical  pro- 

'In  his  article  on  "Arithmetical  Prwiigies,"  in  the  A tnerican  Jour- 
nal of  Psychology.  IV,  1&91,  pp.  1-59.  Wc  shall  hereafter  haTc  fre- 
qoeut  occasion  to  refer  to  this  article,  the  only  one  iii  English  in  which 
a  comprehensive  study  of  the  subject  is  attempted. 

"Scripture,  ap.cit..  p.  a;  Binet,  Piyckologie  des  grandi  caUulateun 
et  Jouturs  d'ichea.  i^,  p.  4;  American  3fuseum.W,  1789,  p.  6a, 
This  laat  date  ia  erroneonaly  Kiveo  by  Scripture  a£  1799. 

'Billet,  op,  at.,  p.  5,  notes  that  the  harder  problem  wasdoue  in  leas 
time  than  tbe  simpler  one.  and  is  inclined  to  suspect  that  the  records 
arc  unrtliable.    Bat  in  the  case  of  so  slow  and  plodding  a  calcnlator 
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gresi^ion.  and  mnltiplied  mentally  two  numbers  of  9  figures 
each.     He  waseniirely  illiterate. 

JededUh  Buxton'^  (1702-1772)  was  very  stupid  even  from 
boyhood.  Though  his  father  and  grandfather  were  men  of 
some  education,  be  remaiued  illiterate  all  his  life,  aud  was 
of  less  than  average  intelligence;  even  the  statement  of  a 
mathematical  problem  he  comprehended,  we  are  told,  "not 
without  difficulty  and  time."  In  calculation  he  was,  like 
Puller,  extremely  slow;  but  he  had  a  prodigious  memory,  and 
could  retain  long  uumbers  fur  days  or  e\'eu  mouths,  so  that 
be  performed  enormous  calculations,  which  in  some  cases  occu- 
pied him  for  weeks.  On  one  occasion  he  mentally  squared  a 
number  of  39  figures,  in  1^1  months.  His  methods  were  origi- 
nal, but  very  clumsy;  to  multiply  by  578,  in  one  insiance,  he 
multiplied  successively  by  5,  20,  and  3  to  get  300  time.*!  the 
nnmtper.  then  by  5  aud  15  to  get  a  second  partial  product,  and 
finally  by  3,  to  complete  the  operation.  Thus  instead  of  add- 
ing two  zeros  to  multiply  by  100,  he  multiplied  first  by  5  and 
then  by  20.  Thi.<i  fact,  togeihcT  with  his  slowness,  .shows 
pretty  clearly  that  his  methods  were  of  counting  rather  than 
multiplication,  though  we  are  told  that  be  had  learned  the 
multiplicatioD  table  in  bis  youth.  He  could  give  from  memory 
an  itemized  account  uf  all  the  free  beer  he  had  had  from  the 
age  of  12  on.  He  was  able  to  calculate  while  working  or  talk- 
ing, and  could  handle  two  problems  at  once  without  confusion. 
At  a  sermon  or  play  Buxloo  seems  to  have  paid  no  attention 
to  the  speaker's  meaning,  but  to  have  amused  bimseli  by 
cotinting  the  words  spoken,  or  the  steps  taken  in  a  dance,  or 
by  some  long  self-imposed  calculation.  He  cimld  call  ofl*  a 
number  from  left  to  right  or  from  right  to  left  with  eqtial  facil- 
ity, and  by  pacing  a  piece  of  ground  could  e&timatc  its  area 
with  considerable  accuracy. 
Zerah  Co/intm*  (1804-1840),  the  son  of  a  Vermont  farmer, 


as  pDller,  little  importance  can  be  attached  to  such  discrepancies,  es- 
pecially tincc  the  times  >[iveii  arc  only  approximate.  Moreover,  Pul- 
ler was  at  tliis  lime  about  70  years' old  himself,  and  may  therefore 
have  bad  in  his  mcmon,',  already  calculated,  the  numbcrof  eccottds 
in  70  ye-ars.  The  times  kivch  seem  to  indicate  that  he  nsed  a  proccM 
of  modified  cotuitio);,  ratbei  thau  muttiplicatton  iu  the  ordinary 
sense.    The  importance  of  this  distinction  will  appear  later. 

'  Scripture,  ofi.  cit.,  p.  y,  Ceutltmatt's  Magaxint.  XXI,  1751.  pp.  61, 
347;  XXIII,  I753;,P-  557;  XXIV.  1754.  p.  351-  .  „        .      ,  , 

*Also»pelt  Colbome.  Scrtpiarc,  op.  at.,  p.  n;  A  Metnmr 0/ Zerah 
Colbum,  tvrittrn  by  kintsel/.  Spring&eld,  1833;  Pkitotophital  Alaga- 
ring,  XL,  j8i3,  p.  119;  XLII.  tSi^.  p.  481:  Anaitctic  Magasine.  I, 
1813,  p.  tJ4:  Carpenter.  Menial  Fkyiiotogy,  gaoj.  p.  i^a;  Cornhill 
Magazinf.  XXXII.  1875,  p.  157;  lielgravia,  XXXVHI,  1879.  p  450; 
Call,  Organology, i,y.\T\.\.,  pp.Si-?  [in  On  the  f-'nnttiom  of  the  hraxn, 
V,  Eng.  tr.,  Boston,  iS^).  Scripture  gives  two  other  references  which 


64 


MITCHEU. : 


was  regarded  as  a  backward  child  until  ihc  end  of  bis  6th  year, 
when  one  day  bis  father  heard  him  repeating  parts  of  the 
multiplicnttun  table,  though  tbe  boy  had  had  only  about  six 
weeks'  schooling.  The  father  then  "asked  the  product  of 
ij'*  97  t"  which  1261  was  instantly  given  in  answer.  Hcnow 
concluded  that  something  unusual  had  actually  taken  place: 
indeed  be  often  said  he  should  not  have  been  more  surprised, 
if  some  one  had  risen  up  out  of  the  eiirtb  and  stood  erect  before 
him."  '  The  cldt-r  Colbnm  miw  took  Ztrah  about  the  country, 
giving  public  exhibitions  of  the  child's  powers  in  various  cities. 
Colbum  was  thus  the  first  professional  calculator,  in  the  sense 
already  defined.  From  tbe  list  of  questions  answered  by  him 
at  Boston,  in  the  fall  of  iSto,  and  from  tbe  account  in  tbe  body 
of  the  Memoir,  it  appears  that  even  at  this  early  date,  only  four 
months  after  the  discovery  of  hi.s  talent,  he  was  a  good  calcu- 
lator, though  of  course  be  improved  with  further  practice.  It 
is  clear,  therefore,  that  his  powers  bad  been  developing  for 
some  lime — to  judge  from  other  cases  at  least  six  months,  if 
not  a  ycar^ — before  they  atlracted  his  father's  attention.  This 
may  mean  that  he  learned  to  count  from  his  elder  brothers 
and  sisters.— the  eldest  was  about  seven  years  older  than 
Zerah, — rather  than  from  his  own  brief  six  weeks  at  school. 
Collnim's  preference  for  multiplication,  the  extraction  of  roots, 
^ctoriug.  and  tbe  detection  of  primes  seems  to  have  developed 
early;  he  never  became  as  proBcient  in  division  as  Bidder,  for 
example,  and,  like  most  of  the  prodigies,  he  used  addition  and 


the  writer  baa  beeti  unable  to  consult:  The  Ameriait  Almanac,  1840, 
p.  307,  Buc)  tlie  Medical  and  I'hiiosophical  Journal  and  Review,  III, 
1811,  p.  31.  Gall'a  account,  however,  wcms  to  be  based  upon  this  IsEt 
arlicle. 

^Memoir,  pp.  ii<i3.  Scripture  (0/.  dt..  p.  t3)  is  "tempted  to  ask 
for  the  naihority  on  which  the  statenients  were  made",  and  incliiietl 
not  to  "put  too  much  feitb  in  the  fif^urcs",  ou  tbe  tt^o""*^  Va»X.  Col" 
buru  never  fpeaks  of  bimscK  as  liaviuj;  any  eziTaordinary  power  of 
memory  for  fon^  periods  of  time.  Rut  the  full  passa);e  as  quoted 
above  uiateB  il  clear  llial  tbe  father  bad  told  tbe  incident  repeatedly 
to  awe-stricken  lisieLers  in  Zeiab's  faeariusi  moreover,  tbe  reuiem- 
bering  of  such  a  simple  problem  could  bardfy  require  "extraordinary 

J>ower  of  memory"  lu  a  person  used  to  mental  calcalalion.  Colbura's 
eats  in  factoriuf;  laitie  uumbeis  uie  hard  to  explain  except  by  sup. 
poking  that  he  remembered  st  least  tho»  numbers  which  he  had  pre 
viousl}'  examined  end  found  prime.  This  would  imply  a  lather 
considerable  development  of  his  memory  for  figures.  At  any  rate,  there 
ia  nothing  improbable  in  his  remembering  the  tignres  quoted  in  the 
text,  even  for  some  yrara  after  his  calcnlaline  powers  had  declined. 

It  may  t>e  noted  that  later  In  his  article  Scripture's  faith  in  Colbum's 
memory  increases;  for  on  vafce  46  be  thinks  we  can  nresuppoae  in  tbe 
c«ii«  of  Colburn  and  certain  others  an  extended  multiplicaiiou  tabic, 
perhaps  even  to  loox  100.  Reasons  for  refec^ng  this  supposition,  In 
Collmru's  ease  at  any  rate,  will  ap]>ear  later. 
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subtraction  only  incidentalljr,  in  the  service  ofother  operations, 
not  for  their  own  saVe.  In  answering  catch  questions  aud  in 
repartee  he  was  moderately  clever. 

In  the  spring  of  1S12  Zerab  was  taken  by  his  father  to 
London,  Here,  among  other  feats,  he  found  mentally,  by 
successive  multiplication,  the  i6th  power  of  8  (=281,474, 
976,710,656)  and  the  loth  powers  of  other  i-figure  numbers, 
also,  though  with  more  difBculty,  the  6th,  7th,  and  Sth  powers 
of  se\*eral  2-£igurc  numbers.  The  square  root  of  106,929  (=: 
327)  aud  the  cube  root  of  268.336.125  {=  645)  were  found 
"before  the  original  numbers  could  be  written  down."  He 
immeii lately  identified  36,083  as  a  prime  number,  and  found 
"by  the  mere  operation  of  bis  miud"  the  factors,  641  and 

6,700.417.  of  4.294.967.297  C^2»»+l).' 

While  in  London,  Colbuiu  learned  to  read  and  write,  aud 
later  began  the  study  of  Algebra;  but  bis  education  was  subject 
to  long  interruptions,  owing  to  the  constant  financial  difficulties 
cau.scd  by  his  father's  lack  of  husine.'H  ability.  After  visits  to 
Ireland  and  Scotland,  the  Colburns  went,  in  1814,  to  Paiis, 
where  Zerah  spent  eight  months  at  school,  studying  mainly 


'  ^/^m(?i>,  pp.  37-S,  quotinii  from  a  proGpcctus  priated  in  Loudoo, 
1813.  From  Coltiarn's  own  acconnt  of  his  methods  ot  facloriug  (pp. 
i%-.l)>  it  nppeftrs  tliat  the  only  way  in  which  he  could  immediateiy 
identify  «s  prime  such  a  nomher  as  36,083  would  be  by  remembering 
the  reanit  o(  a  previous  examination  of  it.  Scripture  {op.  at.,  p.  14, 
note]  aaya  that  it  "requires  considerable  faith"  Co  accept  the  state- 
ment tbet  Colburn  factored  s^+i.  But  we  ate  not  told  that  be  did  it 
"instantly";  a  friend  o(  Morse's  says  ainiply,  "almost  assoonaa  it  was 
pat  to  him"  (Scripture. /i>r,  nY. ,  cinotiug  from  a  letter  in  S.  1.  Prime's 
Lt/ie  of  Samuel  F.  B.  Morse,  p.  68;  the  reference  is  Qodout}tedly  to 
this  pioblem),  while  Carpenter  (yl/e-n/u/ /W^jio/ojC^.  p.  2^3;  the  writer 
has  sot  been  able  to  find  Carpenter's  authority  for  this  statement) 
aays.  "after  the  tapu  of  some  weeks."  Even  if  the  time  was  only  s 
matter  of  some  minules,  the  feat  is  not  incomprehensible.  The 
smaller  factor.  641,  misht  easily  have  been  hit  apon  by  a  lucky  trial 
■t  a  very  early  fiiaj;e  of  the  work.  We  read  in  Baily's  account  {Ana- 
lectic  iilaxazine,  I,  1813,  p.  134}  that  "auy  uuiubci,  consistiuK  of  6  or 
.J  places  of  figures,  being  proposed,  be  CColbnrn  ]  will  determine,  with 
expedition  and  ease,  all  the  factors  of  which  it  is  composed." 
low  2"'-f-l  is  only  a  io.ti((ure  number,  or  three  figures  longer  than 
those  Colboro  was  used  to  bandling;  and  the  smallness  of  the  factor 
641  renders  the  problem  much  simpler  than  it  at  Bret  appears.  Since, 
then,  the  feat  iseutircly  possible,  and  since  it  is  cited  by  Colburn  from 
the  publiciv  circulated  Prospectus  of  1813,  and  is  mentioned  by  at  least 
one  contemporary  writer  who  was  not  BC(|uaintrd  with  the  Memoir, 
there  is  no  reason  for  believing  that  Colburn  fabricated  the  incident; 
especially  since  his  limited  msthematical  knowledge  wonid  ncTcr 
have  shown  him  the  importance  of  this  particular  number.  Had  he 
been  inveatins  out  of  whole  cloth,  he  would  faave  multiplied  to- 
gether two  prime  nnmtwrs  chosen  at  random,  and  would  probably 
have  made  the  smaller  one  at  least  a  4-figure,  if  not  a  5-figure 
namt>er.    On  the  historical  reliability  of  the  Memoir  tec  Appendix  I. 
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French  and  Latin.  Returnin}!:  to  England  early  in  idi6,  be 
entered  Westminster  School  in  September,  under  the  patronage 
of  the  Karl  of  Bristol,  making  fair  progress  in  the  languages, 
and  standing  well  in  bis  class,  in  which,  however,  he  was  one 
of  the  oldest  boys.  He  also  studied  six  books  of  Euclid  under 
a  private  tutor,  but  showed  no  marked  geometrical  aptitude. 
In  1S19  his  father  removed  him  from  schoot,  and  soon  after  we 
find  him,  at  his  father'.-;  "suggestion,  un^mccessfully  attempting 
the  career  of  an  actor  and  playwright.  In  iSaz  he  opened  a 
small  school,  which  ran  for  a  year  or  more.  His  next  occupa- 
tion was  as  a  computer  iu  the  service  of  the  secretary  of  the 
Board  of  I.,ongitnde.  Shortly  after  his  father's  death,  in  1824, 
7-erah  returned  to  America,  and  in  December  of  1825  joined 
the  Methodist  church,  becoming  a  circnit  preacher.  After 
seven  years  of  this  occopation.'  being  in  need  of  funds  to  eke 
otit  his  modest  ministerial  salary,  he  wrote  the  Memoir,  carry- 
ing out  a  plan  which  his  father  and  friends  had  had  in  view 
long  before.  In  1835  he  resnmed  teaching,  a.*;  "Professor  of 
the  Latin,  Greek.  French  and  Spanish  Languages,  and  English 
Classical  Literature  in  the  seminary  styled  the  Norwich  Uni- 
versity."*    He  died  in  1840. 

From  this  brief  account  of  Colburii's  romantic  career,  it  will 
be  seen  that  his  education,  while  much  interrupted,  was  fairly 
good.  He  spent  four  or  five  years  in  the  study  of  languages, 
for  which  he  seem»  to  have  bad  a  natural  liking,  and  later  was 
able  to  teach  them.  He  began  the  study  of  algebra,  but  did 
not  get  beyond  the  elements  of  it;  and  be  studied  geometry, 
which  he  found  eas>-  bnt  uninteresting,  owing  to  the  lack  of 
any  visible  practical  application.  The  literary  style  of  his 
Memoir,  though  far  from  Addisonian,  is  always  readable,  the 
book  is  interesting  throughout,  and  eveu  the  .specimens  of  his 
poetry  given  in  the  appendix  are  not  specially  bad,  all  things 

I/,  e.,  in  1832  or  1833.  Cf.  Memoir,  V.  31,  "after  possessing  the 
talent  twenty-two  yeara",  from  .\agaal,  loro;  p.  14J.  "nine  years'  resi- 
dence here"  in  America,  from  Jane,  1834;  p.  166,  "Ivrenty-two  yearf 
ago",  to  1810  or  181 1;  p.  167,  "the  laat  seven  years  that  b«  has  spent 
ill  the  traveline  connection",  from  December.  (835.  These  passages 
show  ihat  the  Memoir  was  not  bcKtiu,  or  at  any  rate  bat!  not  reached 
the  third  chapter,  twfore  183a,  and  was  not  completed  until  shortly 
before  its  puhlication  in  1833.  Scripture's  statement,  therefore  (a^. 
cil.,  p.  II,  notr  ■).  that  "there  19  no  statement  reganliiiK  the  time  at 
which  they  [the  Memoir{^B)'\  were  written,  orevenadaie  to  the  preface; 
the  laat  year  mentioned  in  the  book  is  1827".  Is  deci'ledty  tnislcadin^. 
The  last  ilatc  printed  in  figures,  to  be  sure,  bo  that  it  coukl  be  identi- 
fied by  a  cursory  glance,  is  1S17;  but  the  last  date  "mentioned"  ii 
certainly  1832,  if  'not  1833,  eren  grautiuR  that  all  the  perioiis  of  time 
above  quoied  are  only  approximate,  and  cannot  be  tabea  without  an 
allowance  of  half  a  year  one  way  or  the  other  for  poasible  error. 

'Scripture,  ofi,  cii..  p.  16,  quoiiog  froui  Wmrrtcan  Almanac,  1840,  p. 
307. 
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considered.  The  question  of  the  histoncal  reliability  of  the 
Memoir  will  be  discussed  later;  for  the  present  it  will  suffice  to 
sajr  that,  on  a  careful  reading,  the  book  shows  scarcely  a  trace 
of  that  self-glorification  with  which  it  has  been  charged  by 
Scripture  and  Binet. 

Concerning  the  rapidity  of  Colbnrn's  calculations  not  much 
is  known.  The  only  scrie?)  of  problems  whose  times  he  gives 
ua  dates  from  1811,  before  he  was  7  years  old,  and  so  is  hardly 
typical  of  his  performances  two  or  three  years  later  when  he 
was  in  his  prime.  The  times  indicated  are  fairly  short,  in 
most  cases  shorter  than  if  the  work  had  lieen  done  on  paper  by 
a  good  computer.  The  testimony  of  obser\'ers  as  to  his  "ex- 
traordinary rapidity' '  is  of  little  ralue  in  the  absence  of  definite 
figures:  especially  since  some  of  his  feats,  notably  the  extrac- 
tion of  square  and  cube  roots  and  the  fiudtug  of  factors,  were 
accomplished  by  the  aid  of  extremely  simple  methods.  Col- 
bum's  powers  probably  increased  up  to  the  time  of  his  visit  to 
Paris  in  1814;  but  when  he  gave  up  his  regular  exhibitions, 
and  became  intcresled  in  other  matters,  he  gradually  lost  much 
of  his  skill.  There  seems  to  be  no  authority,  however,  for  the 
Etalement'  that  after  a  time  his  powers  left  hi m  eutirely;  in 
1823,  at  any  rate,  afler  a  considerable  period  of  disuse,  they 
were  readily  revived  for  purposes  of  written  longitude  compn- 
tat  ions. 

Of  his  methods  of  calculation  Colbum  has  Ief\  us  a  very 
good  account;  the  only  calculator  of  whom  we  have  a  fuller 
accountis  Bidder,' whose  methods  closely  resembled  Culbum's. 
Both  men,  in  multiplication,  began  at  the  left,  instead  of  at  the 
right  as  we  usually  do  in  written  computations;  and  both,  by 
the  aid  of  certain  properties  of  the  2-figure  endings*  of  tl» 


'Scripture,  op.cii.,  p.  15. 

'  Bidiier'n  account  it  more  detailed,  better  written,  aod  In  more  con- 
ciae  matheniBticKt  iKn^iiigf  thiin  Colbiirn's.  as  a  result  of  Bidder'* 
taperloc  e«lnc«tionnI  mlvntiCiKesi  it  coDtnins,  furthermore,  explana- 
tions of  ktcthI  of  Biddcrs's  fcita,  cuch  u  the  eolrini;  of  compound 
interest  problems,  which  woaM  haTC  been  hopelessly  beyoatl  Col- 
barn's  powers.  At  tbe  Kame  time  Colbum's  ttcconnt  is  perfectly 
ctemr,  to  tbc  non-iuathcmntical  reader  perhaps  even  clearer  than 
Bidder's.  In  this  mutter,  as  in  ««TerKl  others,  Scripture  is  hardlj 
(sir  to  Colbam;  tbas  he  speaks  of  Colborti's  explanntioos  ks  "the 
least  intelligible  of  all  the  explanations"  (p.  50).  It  is  no  reproach 
to  Colbnrn  that  he  was  exccllc-il  h]r  Bidder',  bin  he  certainly  dcscrrca 
credit  for  what  be  did  do.  and  one  of  the  tbin^i  be  did  was  to  write  a 
ver>'  f^ood  accoaut  of  his  methods,  over  tweuty  years  before  Bidder 
followed  his  example. 

*lly  s  3-6KOte  endioR  we  shall  mean  the  last  two  figures  of  aoy 
given  onmber;  thus  56  is  the  a-figure  ending  of  3456.  01  of  2401,  07  of 
7,  etc.  What  propcTtics  of  these  cndiags  were  used  by  the  tuental 
calculators  will  be  espUined  hereafter. 
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numbers  used,  were  able  to  fiod  with  remarkable  ease  and 
rapidity  the  square  and  cube  routs  of  exact  squares  and  cubes, 
and  also,  though  less  rapidly,  the  factors  of  fairly  large  Dumbers. 

Colburn  had  two  physical  peculiarities  that  need  to  he  men- 
tioned, (i)  He  possessed  an  extra  finger  on  each  hand  aud 
an  extra  toe  on  each  foot.  This  peculiarity  he  shared  with 
his  father  and  two'  of  his  brothers.  (3)  In  his  early  years 
his  calculations  were  accompanied  by  certain  bodily  contor- 
tions, similar  to  thasc  of  St.  Vitus*  dance.  They  seem  to  have 
passed  away  rather  early;  Colburn  himself  has  no  recollection 
of  them,  and  mentions  them  simply  on  the  authority  of  per- 
sons who  saw  him  when  "quite  a  child.'" 

/hnri Mofideux*  (1826- 1862)  was  the  sou  of  a  woodcutter 
near  Touts.  Seut  to  tend  sheep  at  the  age  of  7,  he  amused 
himself  by  playing  with  ptbldcs.  and  thus  learned  mental 
arithmetic.  Jacoby,  a  schoolmaster  at  Tours,  hearing  of  him, 
sought  him  out,  nftcred  to  instruct  him,  and  gave  him  bis  ad- 
dress  in  the  city;  but  the  boy's  memory  outside  mathematics 
was  so  poor  that  he  forgot  Ijotli  name  and  address,  and  found 
the  schoolmaster  only  after  a  month's  search.  He  received  in- 
struction in  arithmetic  and  other  subjects,  and  in  1S40  was 
exhibited  before  the  Paris  Academie  des  Sciences.  In  the 
committee's  report  on  him  we  arc  told  that  he  "camcs  on 
readily  in  his  head  not  only  the  various  arithmetical  opera- 
tions, but  also,  in  many  caseit,  the  numerical  solution  uf  e<iua- 
tlons;  he  devises  processes,  sometimes  remarkable,  for  solving 

^Colbarn  ttytiAfentoir,  p.  ji),  "his  father  auc\  two  ol  liia  [Tallier's] 
sons,"  while  the  nccnuni  in  the  Philosophical  Afagaxine  (XLII.  1815, 
pp.  4Sl-3)sNyv'/.t;rNh  and  tbiee  ofhtsbrolhets.  It  h^s  ticpn  aaautneil  Jn 
th«  text  ihHt  Zerab  tlitl  not  count  himteU,  and  that  the  oilier  writer 
couDtcil  him  Iwict;  lliik  ia  the  sitnpleat  way  nf  reoonciliny  the  two 
■tatcmrnU.  The  pecrullnrity-  had  been  in  the  Colbnrn  family,  we  are 
told.  Tor  several  Kencratiotis. 

"* Aftmoir,  p.  173.  Srriplure  doea  not  refer  to  this  second  pecuHnr- 
ity:  bnt  oince  Colburn  mentions  auobher  mathematical  proclitjry  with 
K  aimilar  affliction,  and  since  Safiord  showej  a  striking  DervouMiess 
in  hia  early  calculations,  It  haa  aeemei:)  worth  while  to  tneation  the 
matter.  Gall,  probablr  quotinK  from  the  Mtdical  and  Phiioiophical 
Journal ancU^evirw  *rtKh  Altimdyciiti,  seema  to  refer  to  Ibis  nervous. 
ncafi  when  he  aays  {Ofi.  at.,  V.  p.  86):  "While  he  [Colburn]  answers,  it 
iaoeen,  by  hiM appearance,  the  state  of  his  eyes,  auil  the  cunlraction  of 
hia  features,  how  much  his  mind  labors."  Colburn  was  uot  guite  7 
years  old  when  seen  hy  the  writer  of  the  article  on  which  Gall's  ac 
count  is  based.  Gall  himself,  bowerer,  examined  Colburn  in  Paris, 
probably  in  1814.     C/.  Memoir,  pp.  76-7. 

•Scripture,  op.  cit.,  p.  ai;  La  grande  EncydopJdit.  art.  Mondtttx; 
Cauchy'a  report  on  Moudenz,  in  Comptts  rendus  heMomadaires  des 
iianees  dd  I' Academie  des  Sciences,  XI,  1840,  pp.  840.  951;  reprinted  in 
Oeuvres  CotMpiiffi  de  Cauchy,  t"  S^rie.  iKt^,  V,  p.  493,  and  in  Binet, 
op.  cit.,  pp.  14-33.  The  writer  has  been  unable  to  conanlt  the  other 
references  cited  by  Scripture. 
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A  -jjjniByt  mUDber  of  difTerent  questions  which  are  ordinarily 
tffitej  by  algchra .  and  detennines  in  his  own  way  the  exact  or 
approximate  value  of  integral  or  fractional  aumbers  which  sat- 
isfy given  conditions."  More  specifically,  he  finds  powers  of 
notnbcrs  by  rules  of  his  own  discover>"  which  are  equivalent  to 
special  cases  of  the  binomial  theorem;  he  has  worked  ont  form- 
ulas for  the  summation  of  the  squares,  cubes,  etc.,  of  the  natu- 
ral numbers,  and  for  arithmetical  progression  and  other  series; 
he  Kolveit  simultaneous  linear  equations  by  a  method  of  bis 
own,  and  sometimes  equations  of  higher  degree.  estMsrially 
where  the  root  is  a  positive  integer;  and  he  solves  such  [trob- 
lems  in  indeterminate  analysis  as  finding  two  squares  whose 
difference  is  a  given  number.  He  "knows  almost  by  heart 
the  Mjuaresof  all  who^e  numbers  under  100."  Learning  a  num- 
ber of  34  Ogures,  divided  into  four  6-5gure  periods^  requires 
5  minutes.  He  can  solve  a  problem  while  attending  to  other 
things. 

Mondenx's  admirers  hoped  that  he  would  one  day  distinguish 
himself  in  a  .scieniific  career;  but  this  was  not  the  case.  lyike 
his  successor  luaudi,  whom  he  closely  resembles  in  several  re- 
spects, be  became  a  professional  calculator;  but  be  bad  no 
ability  outside  of  matbemattcs,  and  even  there  bis  powers  soon 
reached  a  limit  beyond  which  they  did  not  increase.  He  died 
in  obscurity.  If  we  may  judge  by  the  Academy  report,  he 
was  almost  the  equal  of  Bidder  in  hi.<>  in.^ight  into  mathematical 
relations;'  but  on  the  numerical  side  he  was  far  excelled  by 
Inaudi,  who  could,  for  example,  memorize  24  figures  in  half  a 
minute,  a  feat  (or  which  Moudeux  required  5  minutes. 

Jatques  /nauM*  {b.  ififiy).  an  Italian  by  birth,  passed  his 
early  years,  like  Moudeux,  in  tending  sheep.  An  anecdote 
which  Binet  rcgard.s  as  rather  doubtful  indicate.1  a  possible 
prenatal  iutluence  in  the  direction  of  calculation;  otherwise 
there  is  nothing  noteworthy  in  his  heredity.  His  passion  for 
figures  began  about  the  age  of  6,  and  at  7  he  could  cany  on 
mentally  multiplications  of  5  figures  by  5  figures.  His  ednca- 
tion  is  very  slight;  he  did  not  learn  to  read  and  write  until  he 
was  20  years  old.  Outside  of  mental  calculation  be  has  no 
special  ability;  his  memory  for  most  things  except  figures  is 
rather  poor,  and  he  is  often  absent-minded.  At  last  accounts 
he  was  still  a  professional  calculator,  living  by  public  exhibi- 
tions of  his  talent.     He  visited  the  United  States  in  190J-2, 


*  Jiut  bow  moeta  Uoodeax  owed  to  Jacob^'B  tcacbiiiK  1b  bard  to  jmj. 
Tlic  writer  baa  been  anable  to  coiibuU  Jacoby'i  Biojc^apkie  d" Henri 
Mondtux  or  Barbiet's  Vie  d' Henri  Mondeux;  Biaet,  however,  who 
cites  both  these  works,  aays  that  Jacoby's  lessons  were  "naoa  paod 
•ncc^."     i_Op.  cil.,  p.  14.) 

*Sloet,  op.  at.,  pp.  34-109.  199-304,  ft  passim. 
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appearing  m  many  of  tbe  larger  cities,  aud  is  said  to  have 
been  fairly  well  received  by  Americaa  audiences. 

Tellitig  un  what  day  of  the  week  a  given  date  falls  is  one  of 
his  favorite  problems.  The  reduction  of  years,  months,  etc. ,  to 
seconds  he  accomplishes  almost  instantly,  knuwttig  by  heart 
the  number  of  seconds  in  a  year,  month,  week,  or  day.  He 
solves  by  arithmetic  problems  corresponding  to  algebraic  equa- 
tions of  the  first  and  sometimes  of  higher  degree,  also  such 
problems  as  the  resolution  of  a  given  4-  or  5-figure  number 
Into  the  sum  of  fotir  squares.  In  these  latter  cases,  however, 
he  proceeds  for  the  most  part  simply  by  trial,  aided,  of  course, 
by  his  skill  incalculaliou  aud  his  familiarity  with  many  squares, 
cubes,  and  the  like.  At  his  regular  performances  the  pro- 
gramme includes  the  subtraction  of  one  21-figure  number  from 
another,  the  addition  of  five  6-figuri;  numbers,  the  squaring  of 
a  4-figure  number,  the  division  of  one  4-f5gurc  number  by  an- 
other, the  extraction  of  the  cube  root  of  a  9-figure  number  aud 
the  5th  root  of  a  12 -figure  number,  or  such  similar  problems  as 
may  be  proposed  by  the  audience.  As  each  number  is  an- 
nounced he  repeats  it  slowly  to  bis  assistant,  who  writes  it  on 
the  blackboard  and  then  reads  it  aloud,  to  make  sure  there  is 
no  mistake.  Inaudi  then  repeats  the  number  once  more,  after 
which  he  devotes  himself  to  tbe  solution  of  the  problem,  mean- 
while making  an  occasional  remark  to  keep  tbe  audience  in 
good  humor.  Throughout  the  exhibition  he  faces  the  audience, 
never  once  looking  at  the  blackboard.  Actually  he  begins  his 
calculation  as  soon  as  the  numbers  are  given,  and  carries  it  on 
duriug  the  various  repetitious  of  the  luinibers  by  him.scif  aud 
his  assistant,  so  that  by  the  time  he  seems  to  begin  tbe  solution 
he  may  be  well  advanced  toward  the  answer.  In  this  way  he 
apix:ars  lo  work  mnch  more  rapidly  than  he  really  dfes. 

Inaudi  is  a  well-marked  instance  of  the  auditory '  memory 
type.  When  he  thinks  of  numbers,  in  calculatiou  or  otherwise, 
he  does  not  see  them  "in  his  mind's  eye,"  as  arrays  of  dots  or 
other  small  objects,  or  as  written  or  printed  figures;  numbers 
are  for  him  primarily  uvrds,  which  he  hears  as  if  spoken  by 
his  own  voice,  and  duriug  his  calculations  he  almost  always 
pronounces  at  least  some  of  these  words,  either  with  partial 
distinctness  or  in  a  confused  murmur.     Any  interference  with 

'  Actunlly  It  ivoald  be  more  correct  to  call  lii»  type  «iiflltory motor, 

and  the  Kame  i*  probably  trxtv  of  cuont  of  the  otbrr  nnditoiy  ntlculHtort 
we  sbAll  sttidy.  since  a  pure  or  non-motor  nudilory  individual  is  rare. 
PoTCOnrenirncc,  however,  the  writer  has  followed  Binet'ti  lerminoloRy. 
Tbe  mea^rcDcss  of  oar  information  in  moet  cmes  makes  it  difficult  to 
tell  jnat  what  part  the  motor  clement  plays:  and  this  is  especially  true 
when  wc  arc  denling  with  a  limited  Beld  like  calculation,  where  the 
motor  demeot  nay  often  ptay  a  less  tmportaat  part  tbao  in  certain 
other  fields. 
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this  habitual  articulation  embarrasses  him.  and  proloDgs  his 
cakulatiop.  He  remembers  a  number  very  much  more  readily 
afLez  heaiiug  it  than  after  seeioi;  it;  ia  faL-t.  if  a  written  num- 
ber is  liandcd  to  him.  he  usually  reads  it  aloud,  in  order  to 
leam  it  by  sound  rather  than  by  sight.  Whether  visual  images 
arc  entirely  absent  is  a  purely  theoretical  question;  it  is  at  least 
clear  that,  if  present  at  all,  tliey  play  a  neHl'Kible  part  in  bis 
mental  cumpntatiuas.  We  shall  later  find  reason  to  believe 
that  this  condition  is  by  no  means  so  rare  as  has  been  supposed. 
Owing  to  the  traditions  of  EtigUsli  and  French  psychology,  the 
visual  theory  of  mental  calculation  has  lain  ready  to  hand,  and 
has  in  the  past  found  much  apparent  confirmation.  But  now 
(bat  an  unmistakably  non-visual  calculator  is  on  record,  it  will 
no  longer  do  tu  beg  the  whole  question:  we  must  insist  on  con- 
sidering each  case  upon  its  own  merits,  either  settling  it  by 
definite  evidence  or  leaving  it  frankly  in  doubt.  We  shall  see 
later  how  much  of  the  supposed  evidence  for  the  visual  theory 
falls  before  a  carc;ful  cxaminatiou. 

One  of  Inaudi's  most  marked  characteristics  is  his  powerful 
memory  for  figures.  In  one  experiment  he  was  able  to  repeat, 
after  a  single  hearing,  though  with  au  effort,  36  fi)£urcs;  read 
oS  to  him  slowly  in  groups  of  three;  but  in  the  attempt  to 
repeat  50  6g«res  under  the  same  conditions  he  became  con- 
futed, and  gut  only  42  of  them  correct.  This  latter  uumber, 
43,  Biuet  therefore  takes  as  the  limit  of  Inaudi's  power  of 
acquisition,  or  "mental  .span."  under  these  conditions.  In  au 
experiment  made  to  determine  in  what  time  he  could  leam  100 
figures  read  off  to  him  in  groups  as  often  as  requested,  he 
learned  the  6rst  36  in  a  minute  and  a  half,  the  first  57  In  4 
minutes,  75  in  5^^  minutes,  and  the  whole  100  (actually  there 
were  105)  in  13  minutes.  On  the  other  band,  he  can  repeat  in 
order,  at  any  time  within  a  day  or  two,  all  the  figures  used  in 
his  last  performance,  whether  in  the  statement  of  the  problems. 
in  the  answers,  or  in  the  intermediate  calculations.  The  num- 
ber of  these  figures  at  times  runs  as  high  as  300,  and  the  total 
duration  of  the  performance  is  usually  nut  more  than  10  or  12 
minutes.  Kach  new  perlbrmance,  however,  blots  out  of  his 
memory  almast  entirely  the  figures  used  in  the  previous  one; 
but  such  constants  as  the  number  of  seconds  in  a  year,  etc.,  as 
well  as  many  powers  and  products,  and  any  particular  num- 
bers or  results  in  which  he  for  any  reason  takes  a  special  in- 
terest, remain  permanently  with  bim.  These  facts  show  how 
important  it  is  to  take  account  of  the  conditions  of  such  experi- 
ments if  the  Bgures  established  by  them  are  to  have  scientific 
value.  In  an  experiment  lasting  the  same  length  of  time  as 
one  of  his  regular  exhibitions,  but  under  very  different  condi- 
tions, Inaudi  can  learn  only  a  third  the  ntuiber  of  figures  he 
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reiucmbers  with  ease  under  his  nsnal  conditions.  In  these 
public  performances,  howev'er.  each  number  in  the  problem  as 
given  is  repeated  several  times  (twice  by  Inaudi  him.sctf,  and 
once  each  by  his  assistant  and  the  proposer  of  the  question), 
and  the  6fjures  of  the  various  calculations  and  the  result  have 
a  logical  connection  in  the  problem.  Moreover,  the  numbers 
are  learned  in  relatively  short  stages,  separated  by  intervals  in 
which  they  can  t>e  assimilated.' 

Concerning  the  rapidity  of  Inaudi's  calculations  we  have 
fairly  full  information, — so  much  fuller,  in  fact,  than  we  have 
for  any  pre\*tous  calculator,  that  no  satisfactory  comparisons 
can  be  made.  Since  tbe  results  of  Binet's  experiments  are 
readily  accessible,  a  brief  summary  of  them  will  here  suffice. 
In  each  cxperimenl  the  subject  was  given  a  written  c<ilumn  of 
numbers,  each  of  which  was  to  be  mentally  increased  or  dimia- 
ishcd,  multiplied  or  divided,  by  the  same  number;  in  other 
words,  the  addend,  subtrahend,  multiplier,  or  divisor  was  uni- 
form tor  the  whole  given  column  of  numbers.  The  results 
were  called  off  down  the  column  as  fast  as  obtained,  and  the 
average  time  for  each  single  operation  thus  determined.  These 
tests  were  made  on  some  of  Binet's  pupils,  on  Inaudi.  and  on 
four  department  store  cashiers  who  were  thoroughly  practiced 
in  addition,  subtraction,  and  muUipIication  of  small  numbers, 
and  could  perform  mentally  2-figure  multiplications."  and  in 
some  cases,  though  with  difficulty,  3-figure  multiplications. 
The  students  were  of  course  considerably  slower  than  Inaudi 
and  tbe  cashiers;  but  the  cashiers,  in  dealing  with  the  smaller 
numbers  to  which  they  were  accustomed,  were  fully  as  rapid 
as  Inaudi.  in  some  cases  slightly  more  rapid.  lu  dealing  with 
larger  numbers,  however,  which  exceeded  the  limits  of  their 
customary  calculations,  their  inferiority  to  Inaudi  was  very 
marked. 


^Hoiid«ax.  It  will  he  rcnieaiber«d,  required  5  minnte*  to  IvJtm  34 
fignrcB,  whereas  lenrning  this  number  of  figures  is  a  common  incident 
of  luaudi's  exhibitions,  anil  tAlces  only  hs If  it  minute.  Here  sgain, 
however,  tbe  results  are  not  directly  compkralile.  Mondenx  learned 
the  mitiibcr  in  gronpji  of  6  figures,  and  presnmably  from  a  ptpcr  or 
bUckbosrd,  while  Insndi  iilwafs  groups  numbers  in  prrindfl  of  three, 
and  Icaros  them  by  nndition  instciid  of  vision.  \Vc  ■biil)  refer  Uter  lo 
a  distinction  vrhich  must  be  ni4ide  between  the  direct  and  Immediate 
rcmciiibcriu^  of  figures  which  rcsnlts  from  dclLheralely  committing; 
them  to  memory,  and  the  very  rapid  and  abbreviated  aatomatic  cat- 
cuifttiona  which  in  some  of  the  prodigies  simnlate  direct  memory. 
Recollection  as  the  reanlt  of  repeated  calculation  may  form  an  inter- 
mediate sta^  in  the  paseafjc  of  the  latter  into  the  former.  These 
dtatluctions  will  become  important  in  connection  with  the  much 
discussed  question  wbelber.  and  to  what  extent,  the  mental  calcula- 
tors pOHCMMd  extended  multiplication  tables. 

■  By  a  2-6t!iire,  or  H-figUTc,  luuUiplication  will  be  understood  bcre> 
after  a  multiplication  in  which  each  of  the  two  nnmbers  contains  a 
(or  n)  figures,  aud  tbe  product  3  or  4  (an — i  or  sn)  figures. 
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Ugo  ZanebonV  (b.  1867),  aa  Italian,  born  tn  the  same  year 
as  bis  countryman  Inaiicll,  received  a  fair  educatiou.  His  in- 
terest in  numbers  began  at  the  age  of  12.  and  when  14  he 
could  lioK'e '  any  problem  bis  teacher  prapo<;cd  to  him.  While 
serving  bis  term  in  the  army  be  was  for  a  time  stationed  at  a 
railroad  depot,  where  be  amubcd  himself  by  gradually  cum- 
mitting  to  memory  a  vast  body  of  statistics  relating  to  time- 
tables, distances  iHrtween  different  cities,  population,  tariffs, 
etc.  When  he  later  took  to  the  stage  as  a  professional  calcn- 
lator,  questions  based  on  these  statistics  formed  part  of  his 
regular  programme.  Among  his  other  usual  feats  arc  the 
repetittou,  either  forwards  or  backwards,  of  a  memorized  num- 
ber of  256  figures,  the  squaring  of  numbers  up  to  4  figures  and 
the  cubing  of  numbers  up  to  3  figures,  finding  the  5th  powers 
of  2-figure  nambers,  and,  conversely,  extracting  the  5th  root 
of  ftny  number  of  10  figures  or  less,  ibecube  roolof  any  g-figure 
Dumber,  and  the  square  root  of  any  number  of  7  figures  or  less, 
whether  the  given  number  is  a  perfect  power  or  not.  In  these 
problems  he  is  aided  by  his  knowledge  of  many  perfect  squares, 
cubes,  etc.,  as  well  as  by  various  properties  of  2-figure  endings, 
with  which  he  is  thoroughly  familiar.  He  possibly  has  a  num- 
ber-form, in  which  the  numbers  from  i  to  to,  from  10  to  loo, 
and  from  too  to  1000  are  arranged  along  three  horizontal  lines. 
This  number-form,  however,  if  it  tcally  exists,  plays  Utile  or 
no  pari  in  his  nctual  calculations. 

PerUUi  Diamandi*  (b.  i86«).  the  son  of  a  Greek  grain 
merchant,  attributes  his  calctilating  gift  to  his  mother,  who 
"has  an  excellent  memory  for  all  sorts  of  things."  One  brother 
and  one  sister,  out  of  a  family  of  fourteen,  share  his  aptitude 
for  mental  arithmetic.  He  entered  school  at  the  age  of^7,  and 
remained  there  until  he  was  16.  always  standing  at  the  head  of 
the  class  in  mathematics.  But  it  was  only  after  entering  the 
grain  business  him<ieif,  in  (864,  that  be  discovered  his  powers 
of  mental  calculaliuu.  which  he  now  found  very  useful.  He 
knows  five  languages, — Knglish.  French,  German,  Roumanian, 
and  his  native  Greek, — and  is  a  great  reader:  he  has  read  all 
be  can  find  on  the  subject  of  mental  calculation;  and  be  fa  as 
written  novels  and  poetry,  concerning  whose  quality,  however, 
Binet  does  not  enlighten  us.  It  will  thus  be  seen  that  Dia- 
mandi's  education  is  much  better  than  Inaudt's,  and  his  range 

*  Riviita  sperimentale  4i  Freniairia.  etc.,  XXIII,  1897,  pp.  i53-i$9, 
407-429.  A  aiimmnry  of  tbrar  nrticles,  in  Oerman,  is  foand  in  the 
Ztilithrijt  fUr  Piyihologie  und  PMvsxoiogit  der  Sinntsorgane,  XVI, 
189S.  p.  }I4.  The  writer  is  indebted  to  Mrs.  Rose  HkrrinKton  for  a 
tntnsfation  of  coDsiderHlilc  portioos  of  the  OTiginitl  Itclian  •rticles. 

*  Ucnially,  it  is  to  be  pretumcd.  though  the  article  is  not  explicit 
on  this  point. 

*  Uinet,  op.  cit.,  pp.  tIO-154,  9B,  187  B.^astim. 
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of  JDterests  correspondingly    wider,  but  that  be  was  far  less 
precocious  in  calculation  than  his  rival. 

Diamandi  is  of  the  visual  memory  type.  He  has  a  number- 
form  of  a  commoD  \'aricty.  running  zijtzaff  from  left  to  right, 
and  givioK  most  space  to  tl-.e  :ituatler  numbers.  This  uumber- 
form  he  sees  as  localized  within  a  peculiar  grayish  figure, 
which  also  serves  as  a  framework  for  any  particular  number  or 
other  object  which  he  visualiKes,  He  has  a^lorcd  audition  for 
the  names  of  various  persons,  the  days  of  the  week,  etc.,  and 
if  a  few  figures  in  a  given  number  differ  in  color  from  the  rest, 
he  remembers  the  colors  without  effort.  If  the  color  scheme 
is  more  complicated,  however,  he  first  memorizes  the  number 
and  then  teams  the  colors  of  the  individual  figures.  He 
always  sees  numbers  as  written  in  his  own  handwriting,  and 
preferably,  if  the  numbers  are  large,  in  a  rectangle  as  nearly 
square  as  possible,  rather  than  in  one  or  two  long  lines.  He 
learns  spoken  figures  (iu  French)  much  less  readily  than  writ- 
teu.  siuce  iu  the  case  of  spoken  figures  he  mu.st  not  only  call 
forth  ihc  corresponding  visual  images,  but  translate  the  num- 
bers into  his  native  Greek,  tn  which  all  his  calculations  are 
carried  on.  Whcre-he  seeks  to  learn  the  figures  very  accu- 
rately, for  purposes  of  calculation,  he  is  only  about  half  as  fast 
as  Inaudi;'  but  where  he  is  coucerned  with  s}>eed  rather  thaa 
accuracy  his  times  are  much  shorter.  In  the  one  case  he 
learned  to  figures  in  17  seconds;  in  the  other,  1 1  figures  in  3 
seconds. 

In  calculation  Dtamandi  Is  considerably  slower  thau  Inaudi, 
whether  the  numberii  concerned  are  large  or  small.  His  time 
was  137  seconds  for  a  4-figure  multiplication,  whereas  Inaudi 
could  accomplish  the  .same  feat  in  21  seconds,  Diamandi  finds  the 
various  figures  of  the  product  in  order,  from  right  to  left,  by 
cross-multiplication;  thus  in  such  an  example  as 

46273 
729 


4 '6457 
92546 
3^39" 

33733017 

he  finds  the  figures  of  the  partial  products  not  in  the  horizon- 
tal lines  of  the  ordinary  method,  but  in  vertical  lines, — first 


*  Here  azRln.  howerer,  we  mast  be  careful  abont  direct  comparisons 
of  (tissintilitr  lists,  mtire  Dismnndi  Icitrne<l  from  a.  paper  sod  wrote 
out  bis  Tcsoltii.  wbilv  iQsadi  depended  00  uudition  sud  speech.  More- 
over, Dismnndi'B  limes  'were  foand  to  be  aaliject  to  considerable  vari- 
ation from  day  to  day. 
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7,  then  5,  6,  theii  4,  4,  i,  then  6,  5,  i,  etc.. — and  adds  each 
column  before  be  proceeds  to  find  the  numbers  that  compose 
the  next  column.  This  method  has  the  advantage  that  the 
various  figures  of  the  partial  products  can  be  forgotten  almost 
as  last  zs  obtained,  siace  that  figure  of  the  total  product  which 
depends  on  a  given  column  of  the  partial  product  is  found  and 
recorded  as  soon  as  the  column  is  known,  and  the  numbers  in 
that  column  therefore  play  no  further  part  in  the  calculation. 
On  Diamandi's  performances  in  other  operations  than  multi- 
plication Binet  gives  us  no  data. 

Johann  Martin  Zadtarias  iJnjf '  ( 1824-1861)  was  born  in 
Hamburg,  Copceniing  bis  heredity  we  have  no  information. 
He  attended  school  at  the  age  of  2)4  years,  but  attributed  his 
powers  to  later  practice  and  industry  rather  than  to  his  early 
instruction.  He  seems  to  have  been  little  more  than  a  hnman 
calcniatiog  machine,  able  to  carry  on  enormous  calculations 
in  his  head,  but  nearly  incapable  of  understanding  the  princi- 
ples of  mathematics,  and  of  very  limited  ability  outside  his 
chosen  field.  In  this  respect  he  resembled  Buxton;  but  in  the 
rapidity  and  extent  of  his  calculations  he  was  incomparably 
superior  to  Buxtun,  or  indeed  to  any  other  calculator  on  record. 
He  multiplied  together  mentally  two  8-figurc  numbers  in  54 
seconds,  two  zofigure  numbers  in  6  minutes,  two  40-figure 
numbers  in  40  minutes,  and  two  loo-figure  numbers  in  8Ji 
hours;  he  conld  extract  the  square  root  of  a  60-fignre  number 
in  an  •"incredibly  short  time,"  and  the  square  root  of  a  100- 
figure  number  in  52  minutes.  Ail  these  times,  with  the  ex- 
ceptiou  of  that  for  the  100-figure  multiplication,  are  probably 
more  rapid,  in  some  ca^^es  much  more  rapid,  than  those  of  a 
good  computer  using  paper.  Buxton,  it  will  be  remembered, 
once  iiucceeded  in  multiplying  two  39-figure  numbers;  other 
calculators,  however,  seem  to  have  been  unable  to  handle  nnil* 
tiplications  much  above  15  figures.  But  if  there  was  any  defi* 
nite  limit  to  Dose's  powers,  the  experiments  of  which  we  have 
record  &<i  not  show  it.     We  shall  later  find  reason  for  believ- 


*Also  spelt  Dahie.  The  fall  name  Is  giTCti  on  the  authority  of 
Brockbaua'fi  Konvtriatiom-Ltxikon,  ed.  1^8,  art.  Dau,  Scriploic. 
(oIlowi;iKih«  title- page  of  Dase's  posthumously  published /'W/or/n- 
Ta/eln  (3  rola.,  1863-5).  given  the  nnme  aa  simply  ZactiariaB  Dasc, 
which  sccnia  (o  be  the  waj-  iu  wbich  Da««  uaaally  wrote  it.  On  Daae'i 
life  and  calculalioua  see  Scripture,^/,  cit.,  p.  iS;  Brief wecksei swisch- 
en  Gauss  und  Sehuntacher.  .Mtona,  t86t.  III.  p.  381;  V,  pp.  30,  3}, 
377-8,  395-8,  3oo-5<\i;  VI.  pp.  27-8.  78,  iia;  Crtllt's Journal  if oumai 
f.  d.  retne  u.  angnvaadif  Afalhemalik),  XXVII.  1844.  p.  198;  Zachm- 
riaa  Daac,  Factottn-  Ta/eln,  Haml^nrg,  Vol.  I.  i86j,  Preface;  Schroder, 
Lexikon  d.  hamburEiichen  SehriftsUUer,  1851,  art.  Daie;  Preyer, 
"Counting  Unconaciounly."  Pop.  Set.  l^omlhly.  XXIX,  1886.  p.  23i; 
'BtOCWiha%'»  JConversattons-I.ejrikon,  1898,  art.  Dan.  Vox  other  ref- 
erences tee  Scripture,  toe.  cil. 
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ing  that  the  ioo<figure  mnlti plication  was  uot  really  a  severe 
tax  upoa  his  powers  of  mental  arithmetic.  In  short,  Dase's 
achievements  so  far  transcend  those  of  any  other  recorded  cal- 
culator that  he  stands  in  a  class  by  himself,  unapproacbcd  by 
any  of  bis  rivals. 

At  the  age  of  15  Dase  began  his  public  exhibitions,  and  con- 
tinued them  for  a  number  of  years.  He  soon  numbered  among 
his  friends  several  eminent  mathematicians,  however,  and  their 
influence  gradually  led  him  more  and  more  to  devote  his  vast 
powers  to  the  service  of  science.'  Among  his  (non-mental) 
computatious  are  included  the  determination  of  llie  value  of  t 
to  300  decimal  places^  by  the  formula 

J  =  tan  -'  I  -|-  tau  -'  i  +  tan  -'  I, 

a  labor  of  two  months;  the  computation  of  the  7-place  natural 
logarithms  of  the  numbers  from  i  to  t, 005,000;  and  fRctor- 
tables  for  the  7th  and  8th  millions  (except  a  small  portion) 
and  parts  of  the  9th  and  luth  millions.  This  last  task,  how- 
e\'er,  was  one  in  which  his  patience  and  perseverance  were  of 
more  value  than  his  skill  in  calculation,  since,  by  methods  to 
which  Gauss  was  careful  to  call  bis  attention,  the  work  was 
made  mainly  mechanical.  Dase  had  planned  to  carry  the  table 
through  the  toth  million,  but  death  cut  short  his  labors.    The 


•Scriptarc'8  statement  (a^.  n'/.,  p.  19)  that  Colbnra  and  Mondeux 
"enjoyed  even  jfftaler  advantaKca  [than  Dase,]  ytl  failed  to  yield  any 
rcsnlts"  in  tht  service  of  •cience,  is  luiHleadiug.  With  botb  Mondenr 
and  Dase  the  tronble  sceuis  to  have  been  not  lack  of  opportuoity  to 
Kcquire  mathematical  knowledj(e,  btii  lack  of  uative  ability  to  use  the 
opportuuities  tbuy  bad.  With  Colburn,  on  the  other  baud,  the  trouble 
really  was  at  le«9t  in  part  lack  of  opportunity:  he  certainly  did  not 
cnioy  the  opportunil}-  to  atleud  university  lectures,  nor  did  any  cmi- 
oent  matfaematiciau  try  "in  vain  for  six  weeks  to  Kct  tbe  first  ele> 
mentfl  ol  m&thematica  into  his  bead"  iiAid.,  p.  tS;  Gaass-Schumacher 
Brit/ttrtehitl ,  III,  p.  ^■jSi;  V,  pp.  jl,  295), aa  iu  tbecaaeof  Dase.  More- 
Over,  Colburu's  descriptioa  of  bis  methods  uiust  be  reckoocd  *»  an 
important  contribution  to  tlie  science  o(  paycbolnjicy,  none  the  less 
important  because  it  ia  somewhat  inferior  to  Bidder's  later  deacrip- 
tion.  For  other  instances  of  Scripture's  unfairness  to  Colburn.  sec 
Appendix  I. 

^Scripture  umita  to  meutiou  any  specific  number  ol  decim&l  places, 
though  in  both  the  references  he  Rives  (p.  18),  to  CftlU'i  Journal 
•nd  to  the  Gau.<i3-SchumBCher  ^r7>/urM.TW,  the  number  of  decimal 
place«  t«  made  prominent.  The  natural  inference  would  be  that 
Scripture  rej^arded  r  as  a  commensurable  number  of  exactly  aoo  deci- 
mal  pUccs;  but  in  view  of  his  frequent  une  of  higher  matheciaiics  tn 
his  other  published  works,  one  hevitates  to  attribute  to  him  so  Kroas 
an  error.  Of  coarse  anybody,  with  a  lojjarithm  table  and  a  little 
knowledge  of  geometry,  can  compute  the  value  of  r  to  three  or  four 
places;  the  record  of  such  a  conipulalJon  is  absolntely  meaningless 
without  specific  mention  of  the  namberof  figures  to  which  the  com- 
potation  is  carried  out. 
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tables  were  completed  by  another  band,  and  pubtisbed  as  Tar 
as  tbe  9tb  million  in  1862-5. 

Dase  bad  one  otber  notable  gift,  doubtless  related  to  his  cal- 
culalin;?  power;  be  could  count  objects  with  tbe  greateit  rapid- 
ity. With  a  single  glance  he  could  ^ve  the  number  (up  to 
thirty  or  thereabouts)  of  peas  in  a  baudful  scattered  on  a 
table:  and  tbe  ease  and  speed  with  which  be  could  count  the 
numl}erof  sheep  in  a  herd,  of  books  in  a  case,  or  tbe  like, 
never  failed  to  amaze  the  beholder.  Here,  again,  bis  powers 
are  so  far  in  advance  of  those  of  any  otber  recorded  person 
that  he  stands  in  a  class  by  him.self. 

Gtorge  Parkfr  Bidder^  (1806-1878),  "the  elder  Bidder," 
was  the  son  of  a  stone-mason  of  Devon«bire.  England.  The  in- 
dications of  bereditaiy  influence  are  stronger  in  the  Bidder 
family  than  in  that  of  any  other  calculator.  Bidder's  eldest 
hnttbcr,  a  Unitarian  minister,  had  an  extraordinary  memory 
for  Biblical  texts,  but  no  special  arithmetical  gift;  another 
brother  was  an  excellent  mathematician  and  an  insurance  ac- 
tuary; a  nephew  early  showed  remarkable  mechanical  ability; 
Bidder's  eldest  son.  George  Parker  Bidder.  Jr.  (hereafter  re- 
ferred to  as  "the  younger  Bidder"),  inbcrilcd  in  considerable 
degree  hb  father's  gift  for  mental  aritbmetic.  together  with  his 
nude's  mathematical  ability,  being  seventh  wrangler  at  Cam- 
bridge in  1858:  and  two  daughters  of  the  younger  Bidder 
showed  "more  than  average,  but  not  extraordinary  powers  of 
doing  mental  arithmetic."  *  Otber  members  of  the  family  were 
distinguished  in  nnn-mathcuiatical  ways. 

'Scripture,  p^- oV.,  p.  33;  Proetedingi  Imtitution  of  Civil  Engi- 
neer i,yi\  ,\%^-f>,  p.  251:  UVn,  i878-9.p.a94:ColbBrn'9-Vrf»(ffir.  p.  175; 
Phil.  Mag..  XLVJI.  1816,  p.  JI4;  spectator,  LI,  1878,  pj>.  1634-5,  UI, 
1879.  pp.  47.  I". 

^Speetator,  1,1,  1878,  pp.  1634-5.  In  this  article  ihc  younger  Bidder 
is  referred  u>  »»  Mr.  G.  Bidder;  but  hia  loll  u«uie  wa*  tbe  Knme  88  that 
of  hii  (stbcr,  George  Parker  Bidder.  {Cf.  Job.  Foster's  Men-at  the- 
Bar.  3Dd  ed  ,  I^ndon.  1885.  and  The  Law  List,  Ixindon,  for  i88i.) 
Scripture  refers  to  both  f«tliet  and  son,  iu  differeiit  plnces,  a«  George 
Bidder,  and  to  the  son  usually  as  Georjie  Bidder.  Q.  C..Ur.  Bidder.  Q. 
C,  or  tbe  younger  Bidder;  by  Bidder  (unqaalified)  he  alwajs  aicaas 
tbe  elder  Bidder,  except  iu  one  case  (|i.  ib),  where  the  context  pre- 
vents  any  rnioUDdersiandinK.  After  notinR  that  tbe  similarity  of  the 
two  unmeshnn  cauiied  <ionic  confusion,  he  tell  us  {,tac.  crt.).  •omcwhat 
dogmatically,  that  "the  only  way  oat  of  the  difficulty  ia  to  distiDKuish 
the  son  by  a'ddiag  bis  title  [Q.  C.]."  (Why  would  not  the  son's  .\. 
B..  or  A.  M.,  or  hia  date  of  birth,  or  the  father's  C.  E.,  aoBwcr  just  aa 
well  7) 

Despite  this  device  for  avoiding  difficnlty,  Scripture  has  fallen  into 
sad  confosion  in  dcalitif^  with  the  varioas  tiicnttM:rs  of  the  Bidder  fam- 
ily. On  p.  38  of  bis  article  he  quotes  from  the  Spectator  {loc.  cit,')  the 
sentence:  "If  I  perform  a  aum  mentally,  it  always  proceeds  in  a  visi- 
ble  form  in  my  mind;  imleed,  I  can  conceiTc  no  other  way  possible  of 
doing  meotal  arithmetic",  omitting  the  comma  after  "menully",  bat 
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At  the  age  of  6  Bidder  learned  from  an  elder  brother  to  count 
to  lo,  then  to  loo;  this  was  the  only  formal  iostmction  in  fig- 
ures he  ever  received.  From  counting  by  units  to  counting: 
by  lo's,  and  then  by  5's,  was  a  natural  developiueut.  He  then 
set  about  learning  the  multiplication  table  up  to  lox  10,  with 
the  aid  of  shot,  marbles,  etc.,  until,  as  he  expresses  it,  the 
numbers  up  to  too  became  his  friends,  and  be  knew  all  their 
relations  snd  acquaintances.  A  year  or  so  later  his  readiness 
in  solving  simple  problems  mentioned  in  his  hearing  attracted 
attention,  and  be  acquired  a  considerable  local  reputation. 
Bits  of  mathematical  information  (such  as  that  10  x  100  means 
rooo,  etc,  )  and  halfpence  contributed  by  his  admirers  conduced 
to  the  gradual  development  of  his  talent,  aided  by  his  natural 
keenness  in  reasoning  about  numerical  relations;  so  that  he  was 
soon  able  to  perform  4-,  5-,  and  G-6gure  multiplications  men- 
tally. Meantime  be  came  to  observe  various  interesting  prop- 
erties of  numbers, — the  formulas  for  the  sums  of  numerous 
scries,  casting  out  the  g'a,  short  cuts  in  multiplication,  proper- 
ties of  squares  and  of  2-Ggnre  endings,  and   the  like.     As  a 

correctly  attributing  the  remark  to  the  ^ounjier  Bidder.  On  p.  57, 
however,  be  mtikco  the  it«mc  qantalion,  thi«  time  ttdding  a  superfluous 
"of"  after  "conceive"  aud  oiuiLtin^  the  cotatna  as  liefure,  but  now  al- 
tributin^  the  quotation  simply  to  ^irfrfcr  (unqualified},  meaning  the 
eti/fr  Biader.  as  the  context  unmistakably  ahows;  (or  a  little  fartlier 
on  he  Mya,  "This  faculty  was  also  inherited  (transmitted?],  hut  with 
a  very  remarkable  difference.  Tcic  younfrer  Bidder  [ilalica  mine] 
thinks  of  each  number  is  its  own  definite  place  iu  a  11  umber- form," 
etc. 

But  a  worse  confoaion  than  this  is  still  to  be  noted,  The  Spectator 
corf  eapondence  above  cited,  printed  just  after  the  elder  Bidder's  death, 
moved  another  correspondent  {Spectalar,  LII,  1879,  p.  143)  to  quote 
(rum  Brierley'i  foutnat  for  Jan.  35,  1879.  the  case  of  an  eisbteenth 
century  Disi>eDtiuK  minister,  the  Rev.  Tbomaa  Threlkeld,  wiio  bad  a 
memory  tor  Biblical  texta  similar  to  that  ol  the  elder  Bidder's  brother. 
Ou  the  atreuxth  o(  Ibis,  Scripture  tells  us  (p.  37);  "One  of  his  [the 
elder  Bidder's]  btotbcrs  was  an  excellent  msihematician  and  au 
actuary  of  the  Royal  Exchange  Life  .\fiaurance  Office.  Rev.  Thomas 
Threlkeld,  «u  elder  brother  [!],  was  n  LTnitariau  minister.  He  was 
not  remarkable  aa  an  arithmetician,  but  he  possessed  the  Bidder  mem- 
ory and  showed  the  Bidder  inclination  for  fignrcs.  but  lacked  the 
r>wer  of  rapid  calculation.  He  could  quote  almost  any  tcit  iu  the 
ible,  ami  k''^^  chapter  aud  ven.c,  [Here  Scripture  gives  the  correct 
reference  (or  this  last  sentence,  which  is  taken  from  the  younger  Bid- 
der's letter,  and  refers  to  the  brother  of  the  elder  Bidder.  J  He  bad 
long  collected  all  the  dates  he  could,  not  only  of  historical  persons, 
bnt  of  everybody;  to  know  when  a  person  was  born  or  married  waa  a 
•ource  of  Kratilicatiou  to  him."  Here  we  are  given  the  correct  refer- 
ence for  this  laat  sentence,  which  refers  to  the  Rev.  Thomas  Threlkeld , 
and  is  from  the  later  volume  o(  the  Spectator.  Thus  by  a  piece  of 
carelessness,  hard  to  excuse,  Scriptnrc  has  invxtrirably  confused  the 
brother  of  the  elder  Bidder  with  this  Rev.  Thomas  Tbrelki-ld.  who.  .•to 
far  aa  we  know,  was  related  to  the  Bidder  famiij  only  by  common 
descent  from  Adanit 
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result  of  this  "nattirar' algebra  and  number-theory  he  hit  upon 
some  ingenious  methods  of  performing  complex  operations;  Jn 
particular,  by  his  t  ith  year  be  was  already  in  possession  of  a 
method  by  which  he  could  solve  compound  interest  problems 
mentally  in  an  amazingly  short  time,  in  fact,  almost  as  rapidly 
as  a  good  computer  using  a  table  of  logariihms,'  Later,  after 
his  meeting  and  corapeiitive  test  with  Zerah  Colbura,  in  i8t8, 
he  acquired  great  skill  in  the  extraction  r>f  roots  and  the  find- 
ing of  [actors,  by  methods  similar  to  Colburu's,  but  with  im- 
provements of  his  own.' 

Bidder's  reputation  scmh  became  more  than  local,  and  when 
abrmt  8  years  old  he  was  exhibited  in  various  places  by  his 
father,  after  the  fashion  so  recently  set  by  the  Colburns.  But 
Bidder's  admirers,  more  energetic  than  Colburn's,  actually 
raised  a  fund  to  pay  for  his  education,  and  put  htm  iu  school. 
Later  on,  when  bis  father  resumed  the  profitable  exhibitions, 
friends  once  more  intervened,  this  time  with  permanent  suc- 
cess. The  boy  was  placed  with  a  private  tutor,  and  in  1819 
attended  classes  in  the  University  of  Edinburgh,  where  he  took 
a  mathematical  prize  in  1822-  Leavin)i  the  university  in  1824, 
he  held  positions  successively  in  the  Ordnance  Survey  and  in 
an  a.<>surance  office.  But  by  the  advice  of  his  friends  he  later 
decided  to  devote  himself  to  civil  engineering,  and  ultimately 
became  one  of  the  must  snecessfnl  engineers  of  his  time.  He 
was  connected  with  several  engineering  undertakings  of  tlm 
first  magnitude,  and  as  a  member  of  the  lustilution  of  Civil 
Engineers  took  a  prominent  part  in  the  controversies  then 


>Od  the  malbematical  side,  U  P  represcals  the  priucipal,  r  the  lo- 
tcreat  (as  ft  IrAction  of  the  principal,  not  as  a  percent.),  and  n  the 
uttmbcr  of  veftr»,  Didder's  method  amonnted  to  the  expansion  of  the 
esprewioa  'P{i-\'rY-  hy  the  binomial  theorem,  to  a  samcient  unmber 
of  terms  to  insure  accuracy  in  the  l&at  farthing.  The  properties  of 
•cv«ral  nutnerical  seriea  were  vkillfally  atiltxe*!  at  different  stajfes  of 
the  exp«D»loD.  {Cf.  Proc.  Inst.  C.  E.,  XV.  p.  267,  for  Bidder's  own 
•ccouot.) 

'Colbnm  says  of  this  meeting  {Mnmoir,  p.  175),  "Some  time  in 
1818.  Zerah  was  invited  to  a  certain  place,  where  be  found  a  number 
of  persona  quefllioning  the  OeTonsbbe  boy.  He  [Bidder]  displayed 
great  strength  and  power  of  mind  in  the  higher  branches  of  arithmetic; 
be  could  answer  some  questioDt  that  the  American  would  not  like  10 
nndertake;  hut  he  was  onahle  to  extract  the  roots. and  tind  the  factors 
of  nuinlicrii."  Thus  it  wouM  seem  that  Bidder'*  miatl  was  uot  strongly 
turned  in  the  direction  of  tbi>  class  of  problems  nutil  after  this  meet- 
ing with  Colbufii,  hui  that  oncc  he  became  interested  iu  them  be  soon 
outstripped  his  riTsl.  Strangely  enough  Scripture,  after  meutionlug 
this  passage  from  the  Memoir  in  his  general  bibboitrapby  oa  Bidder, 
does  not  cite  it  in  hi»  account  of  the  meetinK  cif  Colbnrn  and  Bidder, 
but  refern  onlv  to  the  oncHiided  account  o7  a  Ix>ndon  paper,  which 
represents  Bidder's  triumph  as  complete.  For  a  farther  disca3.<tlon  of 
ibis  mvcting,  sec  Appendix  1. 
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before  the  profession.  CoDstant  use  kept  op  his  calculating 
powers,  Bud  iu  various  railway  aod  other  contests  before  Par- 
liamentary committees  bis  great  command  of  statistics  and 
keen  powers  of  analysis  made  him  a  formidable  witness. 

It  wnuM  wcm  that  Bidder's  powers  of  mental  calculation  in- 
crea.sed  jiteadily  at  leajjt  up  to  the  begiuuiug  of  bis  univcrMtj' 
days,  if  not  later,'  and  thereafter  lemained  almost  undimin- 
ished to  the  end  of  his  life.  Both  in  numerical  calculations 
and  in  his  study  of  higher  mathematics  he  was  interested  in 
general  priuciples,  practical  applications,  and  striking  proper- 
ties, rather  than  in  intricate  analysis  for  its  own  sake,  or  cal- 
culations with  numbers  chosen  merely  for  their  leuctb.  At 
Edinburgh  be  maintained  a  good  class  siCanding  in  mathematics, 
including  differential  and  integral  calculus,  but  only  by  hard 
study.'  In  the  solnlion  of  problems  where  special  projicrties' 
or  symmetries  played  a  f>art  he  was  equalled,  if  at  all,  only  byj 
«uch  great  calculator-mathematicians  as  Gauss  and  Ampere. 
In  division  his  skill  was  considerable.  In  multiplication  he 
was  able,  ou  one  occasion,  to  handle  twu  12-figure  numbers, 
but  only  by  "a  great  and  distressing  effort";'  in  general,  he 


■in  the  S^ctator,  IvII,  1879,  m.  tti-ii3,  are  given  sp«ciin«DB  of  Bid* 
der's  fe«U  uuHug  tli«  years  i8i&-i8i9,  with  times  of  Bolutton,  alko  cb« 
l,oD<lon  newspa^ier  Account  of  his  mFctlng  with  Colbnrn  to  which  rcf> 
eretice  haft  alr^ad)^  beta  made.  Scripiuit;  {op.  tit.,  p.  36)  argues  ftom 
tbis  series  that  BidJcr'a  powers  increased  bctwcea  1816  Bml  1819, 
Thai  this  wft»  the  cft*c  can  hardly  be  doubted;  but  it  cerLftioly  is  not 
proved  by  Ihti  $rrifs  of  exampiei.  Hven  compMraiive  timea  (or  ao  ea- 
pert  computer  solviuK  these  same  problems  oo  paper  would  provE 
nothiug,  since  io  several  cases  there  sre  two  or  three  diffcrcut  ways  of 
doiiis  the  wo[k,  atid  possible  short  cuts  which  It  is  impossible  to  aay 
wheiaer  Bidder  noticed  or  uol.  Moreover,  no  two  o(  the  problems  ate 
alike.  Petliaps  tlic  hardest  problem  of  the  lot  is  the  compound  iu* 
terett  QuestioD  (1S16,  solved  ID  3  minntee)  which  is  lirst  to  the  list. 
The  cube  root  of  the  iS-figore  number  [  1819,  2  miuutes)  is  far  easier 
tbau  it  looks:  for  by  this  time,  «  year  after  bis  meeting  with  Colburn, 
Bidder  was  doubtless  familiar  with  the  application  of  i-figare  eudinga 
to  these  problems,  so  that  he  had  only  to  find  the  cube  root  of  the  first 
9  fi(furca  by  trial  and  approximation  to  gel  the  first  thrc«  figures  of 
the  root,  then  add  on  the  Itui  two  liy  inspection  from  the  last  3  figures 
of  the  given  numlwr.  and  find  the  missing  4th  fignrc  of  the  root  b^ 
casting  ont  the  9's.  The  algebraic  problem  which  was  solved  "In- 
stantly" iu  1S19  was  very  simple,  and  was  uniloubtedly  volvcd  by 
iospeciion;  the  answer,  3,  was,  from  the  nature  of  the  question,  the 
most  natural  lirst  trial,  and  hence  no  special  credit  belongs  to  this 
last  feat.  These  considerations  show  how  difBcuU  it  is  to  reach  clefi- 
nite  concluttons  from  particular  problems  of  this  sort  anleas  there  is 
at  hand  specific  knowledge  of  the  detailed  methods  and  short-cnts 
actually  used  iu  the  example*  under  consideration,  particularlv  of  any 
special  peculiarities  of  the  given  numbers  whereby  the  solution  may 
he  facilitated. 
«/ViW.  Imt.  C.  £..  XV,  p.  253;  Sfedaior.  LI,  1878.  pp.  i634-5- 
*Prec.  Inst.  C.  £.,  XV,  p.  359.    In  view  of  this  explicit  statement 
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did  Dol  cultivate  his  calculating  power  much  beyoud  the  limits 
of  its  practical  usefulness  to  him.  lu  his  lecture  "Ou  Mental 
CalcalatioQ."  before  the  In.stitulion  of  Civil  Engineers,'  to 
which  reference  has  already  been  made,  Bidder  has  left  us  an 
excellent  account  of  his  methods  of  calculation. 

Ceorg^e  Parker  Bidder,  /r}  (h.  1837),  "the  youuger  Bidder," 
was  the  eldest  son  of  G.  P.  Bidder.  Practically  the  only  in- 
formation we  have  concernipg  his  powers  of  calculation  consists 
of  a  few  facts  brought  out  in  the  Spectator  correspondence 
_alnrady  referred  to.  He  was  7th  wrangler  of  his  year,  and 
ft  thriving  barrister  and  Queen's  Counsel.  He  tclLs  us 
It  he  was  uuable  to  approach  his  father  in  extent  of  memory 
and  rapidity  and  accuracy  of  calcalatioa;  we  have  seen,  how- 
ever, that  the  father,  writing  in  his  50th  year  (alter  which  his 
powers  can  hardly  have  shown  any  considerable  increase), 
speaks  only  af  mnltiplying  iz  figures  by  12  figures  "on  one 
occasion",  by  "a  great  and  distressing  effort",  whereas  the  son 
was  able,  in  seveial  instances,  to  perform  15-figure  multip]ica< 
tioDS,  though  slowly  aud  with  occasional  errors.  That  the 
youuger  Bidder's  method  of  multiplication  was,  like  Dia- 
maudi's,  cross -multiplication,  we  may  infer  from  the  fact  that 
he  incorrectly  attributed  this  method  to  his  father.  Of  the 
son's  other  feats  in  calculation,  and  of  the  degree  of  bis  pre- 
cocity ia  this  field,  we  have  do  knowledge.  He  was  of  visual 
memory  type,  aud  possessed  a  number-form  running  from  right 
to  left,  the  numbers  up  to  12  being  arranged  in  a  circle  as  on  a 
clock.  He  declared  that  his  calculations  "proceed  in  a  vi.sible 
form"  in  his  mind,  and  that  he  "can  conceive  no  other  way 
possible  of  doing  mental  arithmetic,"  which,  as  Proctor  points 
out,*  is  a  rather  strange  remark.  Unlike  most  of  the  other 
calculators,  he  employed  a  mnemonic  system  instead  of  natural 
memory  in  remembering  numbers.  He  conld  play  two  games 
of  chess  blindfold  simulianeously. 

Truman  Henry  Safford*  (1836-1901)  was,  lite  Zcrah  Col- 
bum,  the  son  of  a  Vermont  farmer;  but  both  his  parents  were 


horn  Bidder  hiaiBClf,  bis  son  tmA  Elliot  seen]  to  hewronf;  tn  kttrlbo- 
ting  to  bim  (Spectator,  1878,  p.  i6;^)  tcrcat  [ftcility  in  i^-fiijnre  malti- 
plicadoD*.  The  soo'a  stAtcmeut  that  bis  father  used  cross- multiplica- 
tion is  likeviae  at  Vftriance  with  the  father's  explicit  account  of  hit 
mclbod  of  inuUi plication  {Proc,  XV,  p.  a6o). 

'  Proeeedinf^s.  XV.  pp.  351  i. 

'Referred  toby  Scripture  as  George  Bidder,  Q.  C,  Scripture,  op.cU., 
p.  a8;  Sptctator,  LI,  1878,  pp.  1634-5;  G&lton,  Inquiries  into  Human 
racHtiy,  pp.  133-4,  ami  Plate  I,  ao,  opp.  p.  3S0. 

'Set^ravia,  XXXVIII.  1879,  p.  461. 

•Scripture,  op.  <"»/..  p.  19;  .4.ppleton'8  Cycle,  of  Am.  Biog.,  art. 
Safford:  Chambers's  Edinburgh  Joumai^  N.  S.  VIH,  1847,  p.  zfij; 
Betgravia,  XXXVIII,  1879,  p.  456. 
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former  school-teachers,  and  persons  of  some  education.  The 
father  had  a  strong  interest  in  mathematics,  and  the  mother, 
we  are  told,  was  of  aa  "exquisite  nervous  temperameui." 
Young  SafTord  showed  a  remarkable  all-ronud  precocity,  simi- 
lar to  that  of  Ampere.  In  his  3rd  year  '  'the  grand  bias  of  his 
mind  was  suspected";  later  his  parents  "amused  themselves 
with  his  power  of  calculating  numtters";  aud  wbeu  he  was  6 
years  old  he  was  able  to  calculate  mentally  the  number  of 
barteycorus,  617.760,  io  1040  rods.  At  the  age  of  7  he  had 
'■gtine  to  the  extent  of  the  famous  Zerah  Colhnrn's  powers." 
About  this  time  he  began  to  study  books  on  algebra  and 
geometry,  and  soon  afterwards  higher  mathematics  ami  astron- 
omy. Wanting  some  logarithms,  he  found  them  himself  by 
the  formulas;  and  in  his  10th  year  he  published  au  almanac 
computed  entirely  by  himself.  The  following  year  he  pub- 
lished four  almanacs,  one  of  which,  computed  for  Cincinnati, 
at  once  reached  a  sale  of  24,000  copies.  In  this  ftlmaoac  he 
used  a  new  and  original  rule  f'jr  obtaining  moon  risings  and 
settings,  accompanied  by  a  table  which  saved  a  quarter  of  the 
work  of  their  computation.  About  this  time  he  also  discov- 
ered a  new  rule  for  calculating  eclipses,  with  a  saving  of  one- 
third  in  the  labor  of  computing. 

Such  feats  at  once  made  the  boy  a  public  character,  and  in 
the  same  year  (1846)  be  was  examined  by  the  Rev.  H.  W. 
Adams,  a  skillful  mathematician.  He  salved  a  number  of  diffi- 
cult algebraic  problems,  doubtless  in  the  main  by  algebraic 
methods  rather  than  by  the  trial  and  error  method  of  most  of 
the  other  prodigies.  Problems  in  the  mcn.suration  of  .solids 
caused  him  no  trouble,  though  in  one  case,  where  the  answer 
was  a  i2-figure  number,  he  "used  a  few  [written]  Egures." 
He  extracted  the  cube  roots  of  7-figure  exact  cubes  "in- 
stantly," doubtless  by  the  use  of  a-fignre  endings.  Finally, 
he  squared  365-365..^65.365.365.365.  entirely  in  his  head, 
in  "not  more  than  one  minnte,**'  though  with  evident  effort. 
A  three-hour  examiuatloo  couviuced  Adams  that  the  boy  had 
mastered  and  gone  beyond  all  his  text-books. 

Like  Ampere,  Safford  had  a  wide  range  of  interests,  and  an 
encyclopedic  memory.  Chemistry,  botany,  philosophy,  geog- 
raphy, and   history,  as  w^ell  as  mathematics  and   astronomy, 

lAlltbeieqaobtioos  arc  tromHu:  C/kamifrs's  Joumttl  mrticlteitti. 
above.  The  la»t  problem  is  there  givcu  aa  j65,j65,i65.365,365x  36c. 
365.365,365,365,365,  I.  *..  a  i5-6gare  number  maltipliwl  by  an  j6- 
fignre  namber;  but  aincc  the  auawer  contains  36  figures,  it  Is  obrlona 
that  aaotber  365  is  oniitled  from  (lie  first  numWr,  aud  tbal  the  prob- 
lem was  the  squaring  of  an  tS-figurc  number.  The  repetition  of  the 
aanic  figurci.  however,  ^really  aiiuplified  the  work,  there  being  only 
three  different  partial  products,  Scripture  carries  over  the  typograph- 
ical error  without  comment,  evidently  not  noticing  it. 
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were  included  in  fajs  field  of  study.  He  took  his  degree  at  Har- 
vard in  1S54,  and  became  an  astronomer.  After  holding  vari- 
ous positions  he  became  professor  of  astronomy  in  Williams 
College  in  1S76.  where  be  remaiued  until  bis  death  in  1901. 

Saffbrd  early  outstripped  Bidder  in  range  of  mental  calcula- 
tion, but  with  the  aid  of  books,  whereas  Bidder's  methods  were 
entirely  of  his  own  discover>'.  It  is  to  be  regretted  that  we 
have  not  more  delniled  information  about  Safford's  calcula- 
tions; *  but  except  for  the  examination  whose  results  have  been 
given  above,  all  we  can  say  is  that  later  he  acquired  consider- 
able skill  in  factoring  large  numbers,  seeming  to  be  able  to 
recognize  almost  at  a  glance  what  numbers  were  likely  to  divide 
any  ^iven  number,  and  remembering  the  divisors  of  any  nnm- 
ber  he  had  once  examined.* 

Andri  Marie  Ampere*  (1775-1836),  like  his  successor  Saf- 
ford,  showed  all-rouod  precocity,  a  wide  range  of  interests,  and 


'The  Ckambrrs'i  journal ^r\\c\K  \*  written  in  r»th«r  florid  style, aud 
in  a  tone  of  sdmiratioD  almost  vergiD);  on  awe.  Thv  Rev.  H.  W. 
Adams,  who  is  there  aald  to  have  been  a  flklllfnl  maihemettcian.  was 
by  no  means  as  critical  an  examiner  as  mif^lit  be  wished.  Thui  while 
be  tells  Q9  that  Ecveral  of  the  problems  ti;iveu  were  among  the  baixlest 
in  Davirs'  Algebra,  he  later  notes  that  Snttord  alrcad}'  owned  this 
work  and  had  Inlly  mastered  it,  hence  had  wen  all  these  problems 
ttefore.  The  times  indicate,  to  he  sure,  that  Safford  calculated  the 
answers  alresb;  but  the  test  is  not  aa  satisfactory  as  if  the  problems 
had  been  entirely  new  to  bim.  The  times  KtTen.  too,  are  mostly  in 
the  form  "abonc  a  minntc."  sod  tn  definiteneae  leave  mnch  to  be  de- 
sired. The  bif(  number  selected  tor  the  grand  final  test  was  about  as 
unsuitable  tor  the  purpose  as  any  that  could  well  have  been  chosen. 
Not  only  in  the  recurrence  of  the  same  three  partial  products,  bat  fn 
the  repetition  of  the  same  group  of  figures  within  eacli  partial  prod- 
uct, the  problem  is  so  artificially  simple  tbat  it  proves  aluiosi  noth- 
ing conrrrniiif;  Saftord's  power  of  mnltiplicatioo.  The  nnmberjCj, 
toil,  owing  to  ita  cotinectiou  with  the  calendar,  ia  capecially  easy  to 
remember.  Adams  speaks  of  the  "lonf;  and  blind  anuis"  which  Sol- 
ford  remembered  after  a  siugle  bearing;  but  apart  from  this  simple 
jS-ligure  number  (wliich  woald  not  overtax  the  memory  of  any  child 
who  conld  keep  iti  mind  365  and  count  six),  the  lougest  numbers  io 
the  statement  of  any  of  the  problems  mentioned  in  the  article  were  of 
7  figures.  Now  a  normal  boy  of  ij  cau,  ou  the  average,  retain  8.8 
figures  after  ft  tltigle  bearing,  and  a  boy  of  ii.  6.$  figures.  Hence, 
while  Safford'a  memory  (or  fignrcs  was  probably  above  the  sverace, 
the  (act  la  not  aatisfactotilr  proved  by  Adams'  examination,  (ty. 
Ameriean  Jovmai  of  Piychoiogy,  II,  1889,  p.  607.  The  figarea  are 
erroneously  qnoted  by  Scripture,  p.  41.  aa  8.6  for  boys  of  19  year*, 
instead  of  8.8  (or  Iwya  of  1^  years.)  The  fact  tbat  the  aniwers  to 
some  of  the  problems  were  longer  nnmbers  is  not  relevant  here;  for, 
as  we  shall  see  later,  there  is  an  important  iHatinclioB  between  figur«> 
memory  as  such,  and  memorr  as  it  stands  r'«i  ihe  itrvitt  0/ calculation, 

^Beletavia.  XXXVJII,  1879.  p.  456, 

"Scripture,  op.  eit.,  p.  6;  Arago's  Kloge  d'.^up^re,  tr.  in  Smilhso- 
nian  Report,  I,  1S73,  p.  iii.  The  writer  has  been  aaable  to  coasult 
the  other  refeiencea  which  Scripture  cites. 
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an  omnivorous  memorj*.  He  learned  counting  at  the  ag«  of  3 
or  4,  by  means  of  pebbles,  and  was  so  fond  of  this  diversion 
tliat  be  used  for  purposes  of  catculation  pieces  of  a  biscuit 
given  him  afler  three  days'  strict  diet.  He  became  a  noted 
mathematician,  and  was  also  prominent  in  several  other  direc- 
tions. Of  his  mental  calculations,  however,  we  have  no  speciGc 
information;  his  later  achievements  so  overshadowed  his  early 
gift  that  his  biogrnphers  are  silent  about  it,  and  his  case  sheds 
little  light  on  the  problems  connected  with  the  subject. 

Carl  Friedrich  Oauss^  (i777-i855)  was  the  son  of  a  jKwr 
family ;  a  maternal  uucle  of  his,  however,  was  a  man  of  consid- 
erable mathematical  and  mechanical  talent.  When  not  quite 
3  years  old,  Gauss,  according  to  an  anecdote  told  by  himself, 
followed  mentally  a  calculation  of  his  father's  relative  to  the 
wages  of  some  of  his  workmen,  and  detected  a  mistake  in  the 
amount.  EntcriuK  the  gymnasium  at  the  age  of  11,  he  mas- 
tered the  classical  languages  with  incredible  rapidity.  In 
mathematics  he  was  not  only  head  of  the  class,  but  soon  out- 
stripped his  teachers.  At  the  age  of  10  he  was  ready  to  begin 
the  study  of  higher  analysis,  and  at  14  be  could  read  the  works 
of  Euler,  LagraDgc,  and  Newton.  He  became  one  of  the  fore- 
most mathematiciaus  of  his  time.  His  Disquisitiones  Arith' 
melUa,  published  at  the  age  of  24,  is  practically  the  founda- 
tion of  the  modem  theory  of  numbers. 

Concerning  Gauss'  mental  calculations  we  have  for  the 
most  part  only  general  information.  His  power  seems  to  have 
labttid  all  his  life,  and  to  have  exceeded  that  of  any  other  cal- 
culator except  Dasc.  He  had  a  "peculiar  sense  for  the  quick 
apprehension  of  the  most  complicated  relations  of  numbers," 
aud  "an  unsurpa-tscd  memory  for  figures,"  and  used  from 
memory  the  £rst  decimals  of  logarithms  in  his  mental  opera- 
tions. He  was  especially  fertile  in  inventiug  new  artihces  and 
methods  of  solution. 

Minor  Prodigies. — In  the  following  list  are  grouped  a  few 
calculators  about  whom  too  little  is  known  for  an  extended 
account,  but  who  present  one  or  more  points  of  interest. 

The  Daughter  of  the  Countta  0/  flfansjield*  (b.  about  1804} 

'The  writer  ha*  followed  Scriptare't  accooDt  of  Gauss  {op.  cit.,  p. 
7),  not  having  acc«>»  to  the  sources  tbvrc  cited. 

»G«U.  op.ctt..  V,  p.  88;  Colbnm,  Memoir,  p.  174;  Scripture,  op. 
at.,  p.  js.  The  reference  to  ibe  Med.and Pkitos.Jt.and Rrv.  Riven  by 
Scriptare  can  hardly  be  correct,  since  the  yoang  lady,  beiti^  about 
Colbnrii'a  age.  -was  in  i8iJ  only  6  or  7  yeara  old.  ami  could  hardly 
bave  bad  an  American  reputation.  The  exact  words  in  Scripture's 
text  are  fonncl  in  Gall's  Organolofcy:  the//,  and  Rev.  reference  prob- 
ably rrfer*  to  Mr.  Van  R.,  of  titicft.  In  fact,  all  the  notes  lo  page  ^i 
of  Scripture's  article  are  incorrect  except  a  few  of  tfaoM  to  Gall,  where 
tbe  absence  of  a  page  reference  covers  op  the  iaaccnracy.    The  iron- 
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VAS  seen  by  Spurzbeim  in  T^ondon  at  the  age  of  13,  at  which 
time  she  "extracted  with  great  facility  the  square  and  cube 
roots  of  numbers  of  nine  places. "  Whether  this  refers  ouly  to 
perfect  squares  and  cubes  cannot  be  decided.  Colhurn  speaks 
of  her  simply  as  displaying,  in  1812,  at  the  age  of  8  or  there- 
abouts, "a  certain  degree  of  mental  quickness  [in  calculation] 
uocommon  in  her  sex  and  years."  Kxcept  for  Bidder's  two 
granddaughters,  whose  powers  were  but  little  above  the  aver- 
age, she  is  the  only  girl  calculator  on  record. 

Richard  WkaUly^  (1787-1863)  began  to  calculate  at  the  age 
of  5,  and  retained  the  power  for  about  three  years;  he  probably 
surpassed  Colburn,  but  did  not  happen  to  hit  on  Colburu's 
favorite  problem  of  extracting  <Kiuare  and  cube  roots.  Wbcu 
he  went  to  school  the  power  left  hitii,  and  at  ciphertug  he  was 
always  "a  perfect  dunce." 

Mr.  Van  R.,  of  Utim,'*  like  Whately,  developed  a  gift  for 
calculation  at  an  early  age  (6  years),  hut  lost  it  at  the  age 
of  8. 

Dr.  Ferrt^  (b.  1864)  has  a  sister  about  a  year  his  elder, 
who  shares  his  gift  for  mental  calculation.  His  father  was  an 
architect  and  a  good  reckoner,  and  his  mother's  mind  was 
occupied  with  architectural  computations  at  the  time  of  the 
birth  of  these  two  children;  whether  this  prenatal  influence 
bad  any  effect  on  their  mental  powers  cannot  be  dctermiued, 
Ferrol's  gift  showed  itself  at  an  early  age,  but  as  soon  as  he 
learned  the  elements  of  algebra,  at  the  age  of  10,  he  de- 
veloped a  preference  for  mental  algebra  instead  of  mental 
arithmetic.  He  was  head  of  his  class  in  mental  arithmetic,  but 
below  the  average  in  all  other  studies.  He  is  a  remarkably 
poor  visnalixer.  His  processes  are  "intuitive";  the  answer  to 
a  problem,  he  tells  us,  comes  "instantly."  and  is  always  cor- 
rect. His  general  memory  is  probably  about  normal;  his 
figure  memory  depends  on  mnemonics. 

A  biind  Swiss  mentioned  by  Johannes  Huber*  not  only  solved 


ble  seems  to  be  dne  to  a  irftas position;  note  >  Bbould  be  note''  and  all 
the  otbera  ahoold  be  uoved  up  ■  line,  '  becomiax  ',  etc.  Colburn't 
account  of  the  daajcbter  of  the  Coantesa  of  Mansfield  is  quoted  to  full 
In  Appendix  I. 

'Sctiptnre,  ofi.  cil.,  p.  10.  The  writer  has  been  unable  to  consult 
the /-iy<f  of  Wbalely  inere  cited.  By  an  inadvertance,  Scriplute.  on 
p.  57,  five*  ibe  age  of  WbateW'B  first  calcnlations  as  3,  whereas,  on 
p.  10,  th*  itatciueot  tt  "between  five  and  six." 

*Gftll.  afi.  ctt..  pp.  87-8.  (luoting  l%ftd,  and  Pkilos.  Jl.  and  Rev.,  Ill, 
N.  v.,  1811.  Gall  mentions  sereral  Other  calculators,  but  \\  b)U  not 
seemed  worth  while  to  enumerate  tbem  all  here. 

•P.  J.  Mobins,  Oie  Anlage  zur  Afafhetnatik,  1900,  p.  ^y  The  name 
ja  given  simply  as  "Ur.  Herrol";  we  are  not  told  wfaetbcr  be  is  an  M. 
D..  or  what  arc  bis  loltiaU. 

*Da5  Cedachttttss,  Uonich,  1878,  p.  43. 
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the  most  difficult  problems,  but  coald  repeat  a  series  of  150 
SgUTeft  either  forwards  or  backwards  after  a  single  beariog,  or 
name  at  once  the  30tb  or  50th  figure,  e.  g.,  from  either  end. 
Before  becoming  blind  he  had  been  a  man  of  very  weak 
memory;  but  a^erwards,  busying  himself  with  exercises  in 
calculation,  he  discovered  a  very  simple  method  of  dealing 
with  the  largest  numbers,  and  tried  to  sell  his  secret  in  Hng- 
laod  for  a  hi^h  price.' 

Vilo  Mangiamet^  (b.  1&27),  the  sou  of  aSiciliau  shepherd, 
himself  tended  sheep,  aud  when  examined  by  the  Academic 
des  Sciences,  at  the  age  of  lo,  answered  several  questions, 
among  them  the  cube  root  of  3,796,416  (^156),  which  he 
found  in  half  a  minute.  Cauchy,  in  his  Academic  report 
on  Moudeux,  already  cited,  complains  that  Mangiamele's  mas* 
ters  have  alway.s  kept  secret  the  boy's  methods  of  calculation; 
it  is  not  clear  whether  this  means  that  they  knew  and  refused 
to  tell,  or  that  the  hoy  himself  was  unable  to  enlighten  them. 
He  was  quite  uneducated.  A  brother  and  a  sister  of  his  were 
also  Doted  calculators. 

Prolongtau*  (b,  about  1838),  at  the  age  of  6)^,  solved  men- 
tally with  great  facility  problems  relating  to  the  ordinary 
operations  of  arithmetic,  and  to  the  solution  of  equations  of 
the  first  degree. 

Grandmang^  (b.  about  i836),*'boni  withont  arms  or  legs, 
performed,  meutally,  very  complicated  calculations  and  solved 
difTicult  problems. 

Mathiexi  le  Cog*  (b.  about  1656),  an  Italian  boy,  "at  the 
age  of  0.  without  knowing  how  to  read  or  write,  commenced 
to  perform  all  the  most  diffictilt  operations  of  arithmetic,  such 
as  the  four  elementar>'  operatious,  the  mie  of  three,  partner- 
ship (compagnie),  square  aud  cube  root,  and  that,  too,  as 
soon  as  the  question  was  put  to  him."  He  learned  to  calcu- 
late by  striuEiog  beads. 

Vincento  Stucaro"  {h.  1822),  a  Sicilian,  appeared  in  public 
as  a  calculator  at  the  age  of  6,  received  a  gocd  education,  but 
showed  no  special  mental  ability  outside  of  calculation. 

^Euler,  it  \%  well  knowu,  possessed  considerable  powers  of  iiicDtal 
calcutntion  alter  heconiitig  blind;  hut  lo  what  extent  he  had  the 
power  before  hi*  blind iieim,  and  'yx%\  what  (cats  he  could  perforin,  the 
writer  ban  t>een  unable  10  discover. 

^CotHfiUi  r^ndus  hebdomadaires  des  idaaui  de  I'Aeademie  des 
Scitncts,  IV,  1837,  p.  978;  /fiv.  sper.  di  Ften.,  XXIII.  1897,  p.  454- 

■C.  R.  Ae«d.  des  Set.,  XX..  1845,  p.  1619. 

•/*irf.,  XXXIV,  1853.  p.  171. 

•Binet,    op.  at.,  p.  3;  Jitv.  sper.  4%  Fren.,  XXIII.  1897,  p.  4to. 

*The  wjurcc  for  the  retnnJnlng  ealcnlatorti  is  the  Riv.  sper,  at  Fren., 
XXIII,  189;,  pp.  439!.  A  summary  of  this  article  inGermnn  is  found 
in  the  ZeiU.J.  Fsy.  m.  FAyiiol.  d.  Sinntiorgane,  XVI,  1898,  pp. 
317-8. 
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Giuseppe  Pugiiese  (b.  "a  little  later"),  also  a  SiciHao,  took 
to  the  stage  at  the  age  of  5,  and  was  exhibited  in  Italy  and 
Gennany.  An  attempt  was  made  to  teach  him  Geometry; 
bnt  he  was  unable  to  deal  with  geometrical  forms. 

Luigi  Pierini  (b.  1878)  learned  late  to  speak  and  to  walk, 
stifferM  from  many  children's  diseases,  and  was  an  epileptic. 
He  tended  sheep,  and  thus  learned  to  count.  He  developed 
B  remarkable  talent  for  mental  arithmetic,  and  at  an  early  age 
became  a  professional  calctilator. 

II. 

The  writer  will  now  give  an  acconnt  of  his  own  case,  which 
difl^rs  in  three  respects  from  those  hitherto  considered: 

(i)  The  power  is  almost  confined  to  dealing  with  the  last 
two  6i:ures,  or  3-figure  endings,  of  tbe  numbers  used.  It  is 
readily  seen  that,  with  certain  limitations  iu  division  and  evo- 
lution, the  lost  two  (or  n)  figures  of  the  nnmbers  used  in  a 
given  problem  determine  the  last  two  (or  m)  figures  of  the  an- 
swer, DO  matter  what  the  preceding  figures  may  be.  Now  the 
writer's  mental  calculations  take  the  form  almost  exclusively  of 
tracing  the  last  two  figuies  through  the  different  operations, 
ignoring  all  the  other  JBgures.  This  evidently  simplifies  tbe 
work  immensely. 

(2)  By  a  further  specialization,  the  problems  which  he  solves 
most  oAen  and  most  readily  are  of  the  general  form  of  finding 
the  last  two  figures  of  any  power  (or  integer  root)  of  any 
number. 

{3)  Finally,  he  has  a  strongly  marked  preference  for  work* 
ing  with  even  numbers.  By  a  special  method,  to  be  explained 
later,  he  practically  always  changes  odd  numl>ers  into  even 
numbers  for  purposes  of  calculation,  where  only  the  last  two 
figures  of  tbe  answer  are  required;  the  even  nnmber  thus  ob- 
tained is  readily  converted  into  the  desired  odd  onmlwr  by 
very  simple  rules. 

It  will  thus  be  seen  that  the  writer's  calculations  are  highly 
specialized,  and  in  extent  perhaps  not  comparable  to  those  of 
any  calculator  heretofore  considered.  At  the  same  time,  some 
of  these  specializations  are  found  in  otber  calculators;  and 
in  the  general  features  of  its  development  the  writer's  ca^e  is 
typical  of  many  or  most  of  the  others,  and  will,  it  is  hoped, 
throw  light  on  several  points  which  have  hitherto  uot  been 
fully  understood.  While  many  of  the  details  are  iu  themselves 
of  little  importance,  Ihcy  will  serve  to  illustrate  the  sort  of 
numerical  properties  which  not  only  facilitate  mental  calcula- 
tion, but  arouse  the  interest  of  the  calculator,  and  hence  ftimish 
tbe  motive  for  continued  practice  until  the  calculating  habit 
becomes  firmly  established. 
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In  the  matter  of  heredity  the  only  circumstance  that  need 
be  mentioned  is  that  the  writer's  younger  brother  has  shown 
rather  more  than  average  ability  as  a  chess-player,  and  has,  on 
a  few  occasions,  played  a  {^ame  blindfold;  but  by  what  psycho- 
logical processes,  or  to  what  extent  the  power  could  l>e  in- 
creased by  further  practice,  cannot  be  stated.  Nor  need  the 
writer  speak  of  his  school  and  college  work,  except  to  say  that 
while  he  has  always  been  fond  of  mathematics,  it  has  no  better 
claim  than  two  or  three  other  subjects  to  be  called  his  favorite 
study. 

His  inlen-st  in  mental  calculation  dates  from  the  Hme  he 
learned  to  count,  at  the  age  of  4.  or  possibly  3.'  He  learned 
to  count  to  10,  then  to  100,  then  beyond,  and  also  to  count  by 
2's.  3'*.  ^tc.  Now  in  these  latter  series  2x2,  2x2x2,  3x3, 
3x3x3,  etc.,  in  shorl,  the  powers  of  the  number  by  which  he 
was  counting,  were  natural  resting-places,  and  awakened  his 
interest,  so  that  before  long  he  began  to  count  in  the  power 
series  of  different  numbers  (2,  4,  8,  16,  32,  etc.,  3,  9,  27,  8r, 
etc. )  for  considerable  distances.  At  first  he  simply  empha- 
sized the  powers  as  they  occuned  in  the  complete  series  of 
multiples,  but  gradually  he  learned  to  omit  the  intermediate 
multiples,  and  simply  count  in  the  power  series  proper:  2,  4,  8, 
16,  etc.,  3,  9,  27,  81,  etc.  But  almost  always,  when  the  num- 
ber exceeded  100,  he  emphasized  the  last  two  figures,  and 
gradually  got  into  the  habit  of  ignoring  all  the  others.  Thus 
instead  of  saying  3,  9,  27,  81,  243.  739,  2187,  etc.,  he  usually 
counted  3,  9,  27,  81,  43,  29,  S7,  and  in  this  simplified  form 
counted  along  the  different  power  series  for  considerable  dis- 
tances. Multiplication  naturally  grew  out  of  this  counting 
process;  but  it  was  really  counting  rather  than  mulliplicatioQ 
proper,  since  he  did  not  leam  the  multiplication  table  until 
some  time  later,  when  he  went  to  school.  Thus  to  find  9x7 
at  this  time  he  would  count  9,  18.  etc..  to  63;  and  even  now, 
except  within  the  limits  of  the  multiplication  table  as  he 
learned  it  to  12x13,  his  mental  multiplications  are  abbreviated 
countings  of  this  sort  (skipping  most  of  the  intermediate  links) 
rather  than  true  multiplications.  We  have  already  seen  reason 
to  suspect  that  neither  Buxton  nor  Tom  Fuller  really  got  be- 
yond this  counting  process  into  true  miiltiplicaiion,  1.  e.,  with 
the  use  of  a  memorized  multiplication  table. 

lu  the  course  of  these  calculations  or  countings,  a  number  of 
properties  gradually  attracted  the  writer's  attention;  such  as 
that  ever>-  power  of  a  number  ending  with  o  or  5  ends  with  o 

lUnfortnDately,  definite  dates  canaot  be  given.  The  power  devel- 
oped very  »lowly,  ncrer  really  becomJcf;  important  for  any  bnt  psy- 
chological purpoMf,  M>  ibat  uo  oiie  but  the  writer  himMlf  knew  of  it* 
existence  until  a  much  later  date. 
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or  5,  that  the  4th  power  of  any  other  aumber  ends  with  i  or  6. 
according  as  it  is  odd  or  even,  that  the  5th  power  euds  with  the 
same  figure  as  the  ist,  the  6th  with  the  same  figure  as  the  2nd, 
etc. ;  and  that  if  76,  or  any  numberendiog  with  76,  is  multiplied 
by  a  multiple  of  4.  the  last  two  figures  of  the  product  are  the 
same  as  those  of  the  multiplier  (e.  g.,  76x12^912).  Tbeu  he 
noticed  that  the  ending'  76  occurs  at  various  points  in  the 
power  series  of  differeol  numbers  (the  5th  p<jwer  of  6,  the  4th 
power  of  32,  the  2nd  power  of  24,  the  loth  power  of  4,  the 
aoth  power  of  2,  etc.,),aud  that  from  these  points  the  series  of 
endiags  repeat;;,  except  that  in  some  cases  the  ending  of  the 
Dext  power  will  diifct  by  50  from  that  of  the  oitginal  number. 
Tfaostbccndings  of  the  first  20  powers  of  2  are  02,  04,  oS,  16,  32, 
64,  28.  56,  12,  24.48,  96,  92,  84,68,  36,  72,  44.  88,  76;  tbe2ist 
is  52  instead  of  02;  but  the  Z2nd  is  04,  like  the  2nd,  and  there- 
after the  endings  recur  in  regular  order.  Finally  it  turned  ont 
that  the  2o/A  power  of  every  even  number  (not  ending  with  o) 
had  the  ending  7O,  and  that  odd  numbers  had  a  similar  prop- 
eriy,  the  2oih  power  ending  lieing,  however,  01  instead  of  76, 
and  even  the  21st  power  being  always  the  same  as  the  tst, 
except  for  multiples  of  5. 

After  discovering  these  and  similar  properties,  the  writer 
found  it  a  simple  matter  to  find  the  last  two  figures  of  anypower 
of  any  number,  by  counting  along  the  proper  »>eries.  The  process 
was  always,  however,  of  the  counting  type  already  indicated. 
Thus  to  find  the  8ih  power  of  5  the  process  would  be  3.  *,  9.  ", 
17,  *',  81.  ",  43,  ",  29,  ",  87,  ",  61;  I.  e.,  he  would  count  up  to 

power  of  3,  then  by  this  power  to  the  next,  and  90  on,  but 
passing  ver>'  lightly  over  the  intervening  maltiples,  and  in 
time  learning  to  omit  them  altogether.  In  fact,  before  long 
the  process  came  to  be  simply,  j,  9.  8[,  6i,  i.  e..  simply 
sqnaring  each  number  to  get  the  next,  tbe  intermediate  connt- 
ings  taking  place  so  rapidly  and  automatically  as  hardly  to 
appear  in  consciousness  at  all,  except  as  brief  "Qashes."  And 
even  these  '*fia&he5"  may  sometimes  be  almost  absent,  so  that 
only  tbe  3  and  the  61  stand  out,  tbe  rest  remainiog  a  mere 
blur. 

It  happened  that  about  the  time  be  learned  to  count,  and  for 
perhaps  two  or  three  years  thereafter,  the  writer  was  frequently 
111.  This,  of  course,  left  a  large  amount  of  time  free  for  his 
calculating  exercises,  and  probably  had  not  a  little  to  do  with 
strengthening  his  bent  in  that  direction. 

Wc  come  now  to  tbe  third  peculiarity  mentioned  above:  tbe 
writer's  preference  for  even  numbers.     An  examination  of  the 


I  Tbe  term  "ending"  (onqtiftlified )  will  hereafter  be  taken  as  sjood- 
ymoaswitb  "a-fignre  ending." 
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foHowiDg  table  of  tbe  endings  of  certain  products  will  form 
the  best  introduction  to  this  subject. 


07 

3» 

57 

82 

»3 

61 

36 

11 

86 

48 

36 

36 

36 

36 

"3 

11 

36 

61 

86 

98 

86 

36 

86 

36 

It  will  be  obser\*ed  that  the  numbers  at  the  left,  23,  48.  73,  98, 
differ  in  pairs  by  25,  and  so  with  the  numbers  at  the  top,  07, 
32.  57.  8s;  and  that  in  each  case  there  is  one  multiple  of  4 
(48,  3a),  oue  odd  multiple  of  2  (98,  82),  one  number  of  the 
form  4c-}- 1  (73.  57).  and  one  number  of  the  form  4c — i 
(23.  07).  Now  the  16  nnmljers  in  the  body  of  the  table,  it  will 
be  seen,  all  belong  to  a  similar  series,  11,  36,  61,  86.  If  either 
of  the  factors  is  a  multiple  of  4,  the  product  has  the  ending 
36.  as  shown  by  the  2nd  line  and  the  snd  column;  if  both  are 
odd  multiples  of  2  (98,  82).  the  product  again  ends  with  36:  if 
one  is  an  odd  mnltiple  of  2  (98.  82).  and  the  other  an  odd 
number,  the  product  has  the  ending  86,  ^36+50,  Finally,  if 
both  numbers  are  odd.  the  ending  of  the  product  is  36±25,  /.  e., 
either  1 1  or  61 ;-  61  (a  number  of  tbe  form  4C+i )  if  the  num- 
bers multiplied  are  either  both  of  the  form  4C+J  (73X57).  or 
both  of  the  form  4c — i  (23X07);  and  11  (a  number  of  the 
form  4c — i)  if  one  of  the  factors  is  of  the  form  4cH-t  and  the 
other  of  the  form  4c— 1  (73X07,  23X57)-  Thus  by  applying 
a  few  simple  rules,  any  one  of  the  16  products  in  the  table  can 
be  made  to  depend  00  the  single  product,  48X32,  of  the  two 
mukiples  of  4  in  the  table.  Hence  to  find  the  ending  of  the 
prf)duct  of  two  odd  numbers,  change  each  into  a  multiple  of  4 
by  adding  or  subtracting  25,  multiply  these  multiples  of  4  to- 
gether, and  then  add  or  subtract  25,  as  the  case  may  requite, 
to  get  the  answer.  A  similar  principle  obviously  applies  to 
tbe  power  series  of  any  odd  number;  simply  find  the  required 
power  of  the  corresponding  even  number,  and  then  either  add 
or  subtract  25. 

Now  these  properties  early  attracte<l  the  writer's  attention, 
and  he  soon  got  into  tbe  habit  of  transforming  odd  numbers 
iuto  even  numbers  in  practically  all  bia  calculations.  The 
result  was  that  (if  we  leave  out  of  account  multiples  of  5, 
which  belong  to  a  class  by  themselves  and  are  very  easy  to 
multiply)  the  whole  of  multiplication,  so  far  as  the  endings 
were  concerned,  was  redticed  to  the  200  possible  products  of 
any  two  of  the  20  numbers  04,  08,  iz,  16.  24,  28,  32,  36,  etc.; 
whereas  io  order  to  do  the  same  work  without  this  transforma- 
tion, tbe  3200  combiuations  of  the  whole  eighty  3-fignre  end- 
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ings  prime  to  5  would  have  to  be  considered.  In  finding 
powers,  again,  he  had  to  deal  with  only  20  diflFerent  scries,  each 
of  which  repeated  after  20  terms  or  less;  so  that  the  whole 
problem  of  finding  the  last  two  figures  of  any  power  of  any 
number  was  reduced  to  less  than  400  simple  cases,  instead  of 
an  indefinite  number  of  cases.  He  never  committed  these 
products  and  powers  to  memory;  it  was  not  necessary;  with 
practice  he  was  soon  able  to  count  to  any  desired  one  with 
great  rapidity,  in  fnct,  just  as  rapidly,  in  the  simpler  cases,  as 
he  could  have  recalled  the  answer  if  it  had  been  previously 
memorized. 

To  Tccapilulatc:  The  writer's  mental  calculations  nsnally 
deal  only  with  the  z-figure  endings  of  numbers,  rejecting  nil 
previous  figures  if  there  are  any;  by  far  the  commonest  prob- 
lem is  to  find  (the  ending  of)  »ome  given  power  of  a  given 
number,  or  to  investigate  some  property  of  home  power  or 
group  of  powers  of  one  or  more  numbers;  and  problems  involv- 
ing odd  numbers  (except,  of  course,  odd  exponents)  arc  almost 
always  solved  by  changing  the  odd  uunibers  into  multiples  of 
4  (by  adding  or  subtracting  25),  and  changing  back  to  an  odd 
number  in  the  same  way,  if  necessary,  after  the  work  of  calcu- 
lation is  over.  He  might  go  on  and  indicate  many  otiier  prop- 
erties of  numbers,  or  rather  of  endings,  which  he  discovered 
and  used  in  calculating;  but  enough  has  already  been  said  to 
givea  fair  idea  of  the  general  nature  of  the  processes  employed, 
the  gradual  development  of  the  calculating  power,  and  the 
advantages  of  the  various  specializations  which  came  to  be 
adopted. 

Of  course  his  calculations  are  oot  absolutely  confined  wilhin 
these  limiL<.  Besides  finding  endings  in  the  power  series  of 
even  numbers,  he  can  also  multiply  endings  ver>'  readily,  and 
add  or  subtract  them  (by  counting  forwards  or  backwards) 
somewhat  less  rapidly,  or  divide  them  where  the  division  is 
known  to  be  exact;  and  he  ran  work,  though  ver>-  much  more 
slowly,  with  odd  numbers.  But  even  in  the  power  series  of  3, 
the  odd  series  with  which  he  has  worked  oftencst,  it  is  easier 
in  most  cases  to  change  3  into  28;  tind  in  any  other  odd  series  he 
can  scarcely  work  at  all,  except  with  the  greatest  effort.  The 
even  series  in  these  other  cases  are  so  much  easier  and  more 
familiar  that  it  is  practically  impossible  to  resist  the  tempta- 
tion to  work  in  them,  even  when  he  tries  to  work  laboriously 
ID  the  odd  ones  as  &xich. 

When  the  calculation  takes  account  of  a// figures  of  the  re- 
StiU,  not  merely  of  the  last  two,  the  writer's  powers  of  mental 
arithmetic  are  probably  very  little  above  the  average,  certainly 
not  equal  to  those  of  any  one  who  has  had  a  moderate  amount 
of  practice  in  the  work.     Even  the  muttiplication  of  two  a-fig* 
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are  numbers  takes  bim  lonj^er  mentally  than  on  paper;  and 
with  .^-figur^;  numbers  it  is  such  an  eOort  for  him  to  remember 
the  partial  products  that  nsnatly  eacb  one  must  be  repeated 
aloud  two  or  three  times,  and  eveu  then  he  is  apt  to  forget  the 
6rst  partial  product  by  the  time  he  has  found  the  third.  With 
small  3-figure  numbers,  however,  he  finds  no  difficulty  in  mul- 
tiplying (on  paper,  using  only  one  figure  of  the  nttdlipluand 
at  a  time,)  in  a  siogle  operation,  especially  where  the  number 
is  eveu,  e.g.,  24  or  36.  With  19  or  23,  loo,  it  would  prob- 
ably be  easier  for  bim  to  multiply  in  3  single  operation  than 
in  two  operations  in  the  ordinary  way:  but  in  such  a  case, 
after  the  products  exceeded  loo,  the  multiplication  would 
often  lend  to  resolve  itself  into  counliug,— rapid  and  automatic, 
butcouutiug  nevertheless.  Thus  up  to  23x5  ^  115  he  would 
probably  count  by  23  directly,  or  depend  on  his  memory;  but 
after  that,  to  pass  to  33  x  6  =  138,  he  would  first  count  in 
the  3.  then  the  20,  thus  reaching  ijSfromiis  via  1 18  and  128. 

There  are  two  cases  in  which  the  writer  can  find  complete 
products  with  fair  readiness.  The  first  is  in  squaring  numbers; 
here,  however,  the  process  is  usually  neither  counting  nor 
multiplication  directly,  Inic  an  application  of  some  algebraic 
formula.  Up  to  perhaps  32,  and  in  certain  other  cases,  such 
as  3&.  48,  54.  '•4.  72.  81.  96.  H4  ('■  ^^^  numbers  containing 
no  other  prime  factors  than  2  and  3),  he  would  give  the  squares 
from  memor>';  but  usually  he  finds  only  the  last  two  figures  by 
memory,  and  gels  the  rest  by  inlerpotatiou  between  two  known 
«inares  or  by  the  formula  for  (a-f-b)". 

The  second  case  is  where  two  numbers  are  to  be  multiplied, 
neither  of  which  contains  any  prime  factors  except  2  and  3. 
Here  lus  method  is  to  count  (multiply)  by  2's  or  3's  to  some 
convenient  multiple  of  one  of  the  numbers,  then  by  that  multi- 
ple to  some  other,  and  so  on,  until  the  required  product  is 
reached.  Thus  10  find  48x64  he  would  count  by  48  to  3S4 
(=48x8),  then  by  384  to  1536.  then  103072  (^384x8^ 
48  X  64),  the  required  annwcr.  To  square  162,  again,  the  stages 
would  be  486,  1458,  2916.  8748,  26344.  i.  <■..  multiplying 
successively  by  3,  3.  2.  3.  3.'  In  these  cases  much  of  the  work 
would  be  automatic  and  half  unconscious.  Thus  up  to  2916 
(^=162  X  rS  =  54')  in  the  second  example  the  numbers  in  full 
would  be  very  familiar,  and  perhaps  only  the  58  of  1458  would 


*Boxton,  iiwUl  be  remembered,  in  multiplying  456  by  378.  niulti- 
plied  BOcceMively  by  5,  20,  and  3,  lo  get  300x456;  then  multiplied 
456x3  and  that  product  by  15.  and   added  the  result   to  300x456,  lo 

fet  375x456;  and  (tnaliy  completed  Ibc  operation  by  ftddtng  3x456. 
his  indicRtcs  pretty  clearly  that  his  method  w»«  like  the  one  de- 
Bcribed  sbove.  a  coantioe  in  the  sertts  of  multiples  of  the  mullipU- 
caiid,  tatber  than  the  ordinary  method. 
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be  distinctly  fonntilated;  but  above  that  he  would  have  to 
formulate  all  the  figures  distinctly  and  take  account  of  them 
in  the  counting  process.  lu  the  first  example,  4S  x  64,  per- 
haps only  the  S4  of  384  and  the  36  of  1536  would  be  dis- 
tinctly formulated  until  the  end,  when  3072  would  be  given  aa 
a  whole.  It  will  be  seen,  then,  that  part  or  all  of  the  inteniie- 
diate  numbers  of  the  calculation  may  remain  belijw  the  level  of 
clear  consciousness,  and  that  where  the  numbers  are  familiar, 
part  of  a  number  may  be  in  clear  consciousness  and  not  the 
rest  of  the  number.  At  the  .same  time  the  whole  number 
functions  in  the  calculation,  otherwise  the  correct  answer  wonid 
not  result. 

There  is  just  one  class  of  problems  in  which  the  writer  could 
compete  with  the  real  mathematical  prodigies,  vis.,  finding  the 
square  and  cube  roots  of  exact  squares  and  cubes.  In  fact,  ex- 
tracting the  roots  of  perfect  powers  and  testing  the  pns<iible 
^tors  of  given  numbers  are  the  only  fields  in  which  the  projv 
erties  of  2-figare  endings  are  really  useful,  and  even  these 
problems,  however  interesting  to  the  mathematical  prodigy. 
are  of  little  practical  imponauce  to  the  mathematician,  Bid- 
der, Colbnrn,  and  Safford  made  a  specialty  of  these  problems, 
and  there  is  good  evidence  that  all  three  solved  them  by  the 
aid  of  the  properties  of  a-figure  endings.  A  brief  description 
of  the  "method  of  endings"  will  therefore  not  be  out  of  place. 

Given  the  last  two  figures  of  a  number,  the  last  two  figures 
of  its  S(|uare  art;  known;  but  given  only  the  last  two  figures  of 
a  perfect  square,  the  last  two  fig:ures  of  the  sqoare  root  arc 
not  definitely  known,  although  the  possible  vatiit's  are  usually 
only  four  in  number.  Similarly,  an  odd  ending  has  only  one 
possible  cube  root,  but  an  even  ending  has  either  none,  or  two 
which  differ  from  each  other  by  50.  Now.  suppose  a  given 
number  is  knnwu  or  suspected  to  be  a  perfect  square  or  cube, 
and  its  root  contains  only  three  figures.  The  first  figure  can 
readily  tie  determined  by  inspection;  and  the  last  two  figures 
must  be  one  of  a  limited  number  of  possible  roots  of  the  ending 
of  the  given  number.  It  is  usually  easy,  after  a  little  prac- 
tice, to  tell  almost  at  a  glance  which  of  the  possible  roots  to 
choose  in  a  given  case.  In  doubtful  cases  (multiples  of  5.  e. 
g.,  where  the  nnmber  of  possible  roots  is  greater)  sijch  ex- 
pedients  as  casting  out  the  q's,  squaring  or  cubing  one  of  the 
suspected  answers  or  .lorac  number  near  it,  or  using  the  3- 
figure  instead  of  the  2-figure  ending,  will  help  to  decide  whJ^ 
is  the  correct  root. 

The  application  to  factoring  is  still  simpler.  If  the  nnmber 
to  be  factored  is  not  already  odd  and  prime  to  3  and  5,  it  is 
easily  made  so  by  simple  divisiou.  Now,  in  the  case  of  an 
odd  number  prime  to  5,  if  the  last  two  figures  of  one  of  its 
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divisors  are  known,  and  the  division  is  exact,  the  last  two  figures 
of  the  other  can  have  only  one  valae:  aod  It  is  easy  to  con- 
struct a  table  showiug  the  different  pairs  of  endings  iu  the 
factors  which  will  prucluce  a.  given  ending  in  the  product. 
Now,  snppoiie  tt  is  suspected  that  a  given  number  is  a  factor. 
From  the  table,  or  by  a  computation  in  accordance  with  simple 
rules,  which  need  not  be  considered  here,  &nd  the  last  two 
figures  of  the  other  factor;  if  desired,  the  hundreds  figure  can 
also  be  determined  by  casting  out  the  9's.  This  done,  it  is 
necessary  to  cany  the  d  ivision  only  far  enough  to  decide  whether 
the  required  last  two  or  last  three  figures  can  result;  as  soon 
as  this  is  seen  to  be  impo-sslble,  the  work  is  abandoned,  since 
only  an  exact  divisor  is  wanted.  It  is  thus  evident  that  much 
work  may  be  saved,  especially  where  the  numbers  involved 
are  not  very  large;  indeed,  a  factor  may  often  be  rejected  almost 
at  a  glance  which  would  otherwise  have  to  be  divided  through 
to  the  end. 

So  much  for  the  application  of  z-figure  endings  lo  evolution 
and  to  factoring.  The  latter  problem  never  attracted  the 
writer,  owing  to  the  babii  be  so  early  developed  of  confining 
his  attention  to  the  last  two  figures;  but  in  any  case  where  a 
given  number  is  known  to  be  a  perfect  square  or  cube,  and  its 
root  contains  not  more  than  three  figures,  he  finds  no  difficnlt>' 
in  discovering  the  root  by  inspection.  This  would  apply  almost 
equally  to  higher  roots,  except  that  in  sonic  cases  it  would  be 
difficult  to  tell  the  root  if  it  contained  more  than  two  figures; 
bnt  in  general,  the  higher  the  root  the  easier  the  problem,  and 
square  and  cube  rooLs  arc  the  only  ones  which  often  come 
up.  It  is  evident,  however,  that  skill  in  solving  this  class 
of  problems  does  not  imply  special  skill  or  quickness  in 
other  branches  of  mental  arithmetic,  and  that  a  careful  dis- 
tinction must  be  made  between  the  cases  where  the  given 
number  is  a  perfect  power  and  those  where  it  is  not.  Where 
the  root  is  not  an  integer,  the  ending  gives  no  aid  in  finding 
it;  memorization  of  a  large  number  of  perfect  squares  and 
cubes,  or  some  process  of  real  calculation,  must  then  be  re- 
sorted to,  instead  of  the  simple  method  of  guessing  by  inspec- 
tion of  the  ending  of  the  given  number. 

Before  closing  this  part  of  the  paper,  the  writer  may  say  a 
few  words  about  his  memory  type.  He  learned  to  count  orally, 
and  his  calculations  began  at  once,  without  further  aid;  be 
cannot  remember  ever  counting  on  his  fingers,  using  pebbles, 
or  the  like;  and  even  when  he  learned  to  make  written  figures 
later  on,  they  never  came  to  be  associated  with  his  mental  calcu- 
lations, which  remained  strictly  auditory  (or  auditory-motor) 
throughout.  Ordinarily  the  motor  element  is  almost  entirely 
absent^   when  the  calculations  remain  in  the  familiar  fields 
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already  described,  they  are  accompanied  by  no  perceptible  in- 
nervation  uf  the  muscles  of  speecb.  When  he  attempts  un- 
practiced  feats,  however,  such  as  complete  3-figiire  multiplica- 
tions, the  tendency  to  pronounce  some  or  all  of  the  figures  is 
marked.' 

But  while  the  writer's  type  is  unquestionably  auditory  in 
calculation,  the  presence  of  written  figures  is  uot  a  hindrance 
to  him,  as  it  is  to  Inandi.  On  the  contrary,  if  ihc  numbers  in- 
voked are  at  all  large, — say  a  9-figure  number  whose  cube 
root  is  to  be  fomid,— the  presence  of  the  number  on  a  sheet  of 
paper  before  hitu  is  a  distinct  aid,  saving  a  considerable  effort 
of  memory,  and  greatly  facilitatiug  such  tests  as  casting  out 
the  9's.  Outside  of  calculation  the  writer's  type  is  predomi- 
nantly auditory;  but  he  can  use  visual  images  at  will  with  no 
special  difficulty,  and  in  geometrj'  or  similar  fields  nses  them 
haWtuttlly  as  a  matter  of  course.  In  general,  then,  his  type  is 
mixed,  but  with  a  slight  predominance  of  auditory  images. 

It  only  remains  to  add  that  Uis  calculating  powers  have  in- 
creased, though  very  gradually,  from  the  time  he  learned  to 
count  until  the  present,  constantly  taking  advantage  of  the 
results  of  his  mathematical  studies,  and  at  intervals  following 
out  new  lines  of  inquiry  and  classes  of  problems  based  upon 
new  properties  of  numbers  and  endings.  There  has  been  no 
tendency,  however,  to  enter  the  broader  fields  of  calculation 
cultivated  by  the  mathematical  prodigies;  in  the  main,  his 
calculations  are  confined  within  the  limits  already  described, 
and  even  within  these  limits  it  often  happens  that  of  two  prob- 
lems  which,  to  an  ordinao'  calculator,  would  be  of  equal  diffi- 
culty, one  will  be  far  easier  for  bim  than  the  other,  owing  to 
the  peculiar  preferences  which  have  guided  the  distribution  of 
his  practice  in  calculation.  While  mental  arithmetic  has  never 
absorbed  a  disproportionate  share  of  his  time,  there  is  scarcely 
a  day  in  which  some  of  the  old  familiar  series  do  not  at  some 
odd  moment  or  other  run  through  his  head,  usually  quite  auto- 
matically. He  has  never  bad  any  fondue-ss  for  written  com- 
putation for  its  own  sake,  and  ts  perhaps,  if  anything,  a  trifle 
slower  at  it  than  the  average  man  with  an  equal  knowledge  of 
mathematics.  He  is  liable  to  occasional  errors  unless  he  care* 
fully  tests  every  stage  of  his  work.' 


■Much  the  aame  thine  w»  true  of  Safford;  we  are  told  {Chamien's 
/ffMrnaJ,  VIII,  p.  365)  that  it  wrb  hi*  cattom  to  tnik  to  himself  whca 
originstitif;  new  rules,  but,  by  impllcaliou,  not  when  carrying  on 
COmputfttioDB  by  faiulliar  role*. 

*In  the  foregoiog  accoont  an  attempt  baa  been  made  for  the  most 
pari  to  avoid  technical  tcrraa  that  would  not  be  cleat  to  the  dod- 
matfaeraatical  reader.  The  atuHent  of  the  theory  ot  numbcra  wil) 
readily  rccogoize  that  "2-fignre  eodiogs"  are  leaaC  poaiUve  residoea 
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We  are  now  ready  to  interpret  the  facts  tlins  far  set  forth, 
aad  to  coastruct  from  them  an  explanation  of  the  mathemati- 
cal prodigy. 

Heredity.  The  table'  gives  such  luformaUon  as  could  be 
fouud  concerning  the  heredity  of  the  different  calculators. 
Just  what  part  these  various  circumstances  aclnally  played  in 
thi;  dcvch>ptnL*nl  of  the  difffrt-nt  prodigies  is  a  difficult  question, 
which  it  would  hardly  be  worth  while  to  discuss  here.  This 
much  is  clear,  however,  that  whatever  the  influence  of  heredity 
in  some  cases,  it  is  iu  no  sense  an  (xplanation  of  mental  calcu-' 
lation,  but  at  most  a  favoring  circumstance.  A  satisfactory 
theory  must  rest  on  a  much  more  definite  basis  than  such  gen- 
eral terms  as  heredity,  environment,  and  the  like  can  afford; 
it  mnst  explain  the  cases  where  heredilar)'  influence  is  lacking, 
as  well  as  those  where  such  influence  seems  to  be  present. 
Hence  we  may  safely  leave  the  question  of  the  relation  of  hered- 
ity to  menial  calculation  for  other  investigators,  and  devote  our 
attention  to  other  questions,' 

Drvflopment. — (a)  Precocity.  There  is  nothing  more  striking 
about  the  mathematical  prodigies,  nothing  which  has  been  the 
subject  of  more  tiucritical  amazement,  than  their  almost  uni- 
form precocity.  Gauss  begau  his  calculations  before  he  was  3 
years  old;  the  present  writer,  at  4;  Ampere,  between  3  and  5; 
Whately.  at  5;  Pugliese  and  Succaro,  at  about  5;  Oalbum, 
at  5:  Safford,  at  6  or  earlier;  Mathieu  le  Coq,  Mr.  Van  R.,  of 
Utica,  Bidder.  Prolougeau,  and  Inaudi,  at  6;  Moudeux,  at  7; 
the  Countess  of  Mansfield's  daughter,  at  8  or  earlier;  Ferrol, 
Mangiamele.  Qrandmange,  and  Pierini,  at  early  ages  not  defi- 
nitely stated.  Rnxton's  mental  free  Ixer  record  began  from 
the  age  of  12;  Zaneboni's  calculations  began  at  the  same  age; 
Dase  attended  school  at  the  age  of  2^.  and  took  to  the  ftage 
at  15.     lo  short,   precocity  is  unmistakably  the  rule;  if  we 

(ntoilulas  loo).  and  tbiit  tfae  writer's  proceftsof  cbaaffinx  odd  notubera 
into  cvcD  tluiply  cfasn);es  ibe  modulas  to  35  Instead  of  100.  asiug  resi- 
dues wblch  =  0  {mod  4 ),  II  would  be  easy  to  (generalize  mKny  of  the 
properties  f[c»cribed  above,  and  lo  sbow  their  applicalion  to  n-fjgure 
endings  and  conKruetices  in  K^ueral ;  but  such  a  taslc  would  carry  us 
far  bCTond  the  limits  of  the  present  paper. 

'8<«  Appendix  II. 

*Thcre  arc  two  poiuts.  however,  od  which  a  word  may  be  eaid.  In 
the  first  place,  it  in  a  pretty  safe  fraess  tb«.t  Cnlburn's  extra  Anders  and 
toes  were  an  accident,  as  far  a«  uis  calculating  power  wa9  concerned, 
and  had  no  connection  with  hia  mental  abnormalities.  On  the  other 
band,  the  nerronaneM  which  he  ahowed,  adiI  wbioh  be  shared  with 
Safiord  and  an  unnamed  calcatator  in  the  neighborhood  of  Troy.  K. 
Y.  (Memisir.  p.  173),  may  have  prediaposed  him  to  leas  active  panlci- 
patiOD  iocbilalsh  game«.  If  nol  toaclnal  illneaa,  and  ao  have  increased 
the  time  afsilable  for  hi*  mental  calculations. 
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count  as  unprecoctous  ZaDeboni,  Buxton,  Dase,  Diatnandi  (who 
began  to  calculate  at  16,  but  bad  exce]led  in  malhematics  in 
school  from  the  age  of  7),  the  slave  Toto  Fuller,  and  the 
youDger  Bidder  (atxiut  wtium  nothing  definite  is  known  in 
this  respect),  we  have  at  the  worst  6  unprecocious  calculators 
as  against  18  who  were  precocious.' 

To  understand  this  precocity  we  must  note,  5rfit  of  all,  that 
arithmetic  is  the  most  independent  and  self-sufficient  of  all  the 
sciences.  Given  a  knowledge  of  how  to  count,  and  later  a  few 
definitions,  as  in  Bidder's  case,  and  any  child  of  average  ability 
can  go  on,  once  bis  interest  is  accidenlally  amused,  and  con- 
struct, unaided,  practically  the  whole  science  of  arithmetic,  no 
matter  how  much  or  how  little  he  knows  of  other  things.  Ad- 
dition is  only  a  sborteued  form  of  counting.  The  same  is  Inie 
of  multiplication;*  the  writer's  own  case  shows  that  the  calcu- 
lator need  not  even  sit  down  and  teach  himself  the  multiplica- 
tion table,  as  Bidder  did,  but  may  multiply  by  simple  modifi- 
cations of  his  couuting  process.  Involution  is  simply  a 
modiBcatioD  of  multiplication;  it  has  already  been  pointed  out 
that  the  powers  of  numbers  are  natural  resting-places  Ju  count- 
ing along  the  .scries  uf  mnUiplcs  of  the  numbers.  The  inverse 
operations  of  division  and  evohitiou  grow  naturally  out  of  the 
direct  operations  of  rauhipHcation  and  involution;  much  more 
easily  and  uaturally  iu  mental  than  in  written  arithmetic. 
Once  these  elementary  operations  are  mastered,  such  processes 
as  reduction  of  years  to  seconds,  compound  interest,  and  any 


'  I'roni  thii  list  haa  Itcen  omittctl  Huher's  blim)  Swi**,  who  learned 
to  calcQlatc,  presumnbly,  late  in  life,  by  artificial  cuetbods.md  obvi- 
ously does  not  belong  to  wtitt  Pinrt  caliK  the  "natural  fxtnilT  of  grent 
culcolnor*."  Binet'n  "vcmgc  o(  8  year*  (cj*.  «/.,  p.  191)  for  the  vf*- 
cociouscalcalatort  is  too  bixh;  it  iti  obtBioed  by  icjectln)!  (witbont 
•ufficient  ground,  to  far  as  the  writer  cau  ftee}  the  cases  of  Caass  (} 
years  old!  sad  Wbatcly  (wlio,  a>  we  have  seen,  b^an  to  calcalate  at 
5,  not  Ht  3  as  Htatrd  inadvertently  in  Scripture's  titble).  and  by  taking 
m  several  cases  the  age  at  which  the  proaigy  was  exhtbHed  before  the 
Acad,  ties  Sciroees  aa  the  ag?  when  hta  calculations  t>egaii.  But  OD 
Btnct's  own  showing,  Mondcnx  had  calcnlatcd  for  three  years  before 
be  was  cihibited  to  Psri»;  *o  ihat  it  will  not  (to  to  average  together 
such  liiisimilar  data.  Where  the  age  of  exhibition  is  later  than  7,  00 
attempt  has  Itecn  made  to  date  the  beginning  of  the  calcnIationB;  if 
wc  (hen  average  the  Rges  of  the  known  cases  of  precocity  (some  of 
wbicb  are  nndoubtedly  too  high  by  a  year  or  more),  we  get  5  to  5^  as 
an  average,  not  8.  This  is  much  more  natural  if  the  "nainnil  calcu- 
lator" osuitlly  bt-gins  to  calculate  from  the  time  he  learns  to  count. 
Of  (he  sii  men  not  known  to  be  ptecocioos,  two  (Fuller  and  Bnxton) 
were  densicly  ignorant,  and  twi>  of  the  others  belong  to  the  visual 
ivpe.  which,  as  we  ahnll  sec  later,  is  in  certain  respects  intermediate 
between  the  "natural"  or  auditory  and  the  "artificial"  type. 

*In  mnltiplicatiou  the  counting  is.  of  course,  done  in  the  series  of 
mtttiples  oi  the  mnltiplicand,  not  in  the  series  of  natural  cumbers; 
€f.  part  II  of  the  present  paper. 

JOURKAI. — 7 
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Other  arithmetical  problems  are  simply  a  matter  of  undcrstaod- 
ing  the  meaning  of  the  question  and  then  applying  known 
rules,  plus  a  varying  amount  of  ingtnuity,  to  the  solution.  In 
accordance  with  the  tendency  of  all  mental  operations,  psycho- 
logical shortenings  of  the  processes  involved  will  come  with 
practice,  and  mathematical  properties  of  the  sort  already  de- 
i<<CTibed  still  further  facilitate  the  work;  so  that  in  favorable 
cases  the  whole  process  may  become  in  large  measure  auto- 
matic, and  may  go  on  while  active  attention  is  given  to 
something  else. 

Moreover,  the  various  symmetries  and  properties  of  ntim- 
bers  and  series  attract  the  attention  of  the  calculator  from 
the  start,  and  keep  up  his  interest  until  the  habit  of  mental 
calculation  has  been  firmly  fixed.  After  that,  if  nothing  inter- 
venes to  change  that  interest,  there  is  practically  no  limit  to 
which  he  may  not  attain,  as  the  case  of  Dase  abundantly  shows. 

We  must  note,  furthermore,  that  practically  an  unlimited 
amount  of  time  may  be  available  for  Ihuse  calculations  if  the 
prodigy  wishes  so  to  use  it.  Mental  arithmetic  requires  no 
instruments  or  apparatus,  no  audible  practice  that  might  dis- 
nirb  other  members  of  the  family,  no  information  save  such 
chance  scraps  as  may  be  picked  op  almost  anywhere  for  the 
asking,  or  absorbed,  without  even  the  trouble  of  asking  ques- 
tions, from  older  brothers  and  sisters  as  they  discuss  their 
school  lessons.  The  young  calculator  can  carry  on  his  re- 
searches in  bed,  at  the  table. — if  he  allows  himself  to  be  "seen 
and  not  heard,  "^-during  the  perbaps  laborious  proces'i  of 
dressing  or  undressing;  in  short,  at  almost  any  time  during 
the  twelve  or  fourteeu  hours  of  his  waking  day,  except  when 
he  is  engaged  in  conversation  or  active  ]»hyfiical  play. 

Thus,  if  an  interest  in  counting  once  takes  hold  of  a  child 
either  not  fond  ofplayornot  physically  al>lc  to  indulge  in  it, — 
and  stringing  beads,  counting  the  ticks  of  a  clock,  or  even  a 
chance  question  like  "Let's  hear  if  you  can  count  up  to  loo'", 
may  start  such  an  interest,  which  will  then  furnish  all  the 
material  for  its  own  development, — he  may  goon  almost  in- 
definitely, and  become  a  prodigy  long  before  his  parents  suspect 
the  fact.  Indeed,  the  interest  in  counting  may  seem  so  natural 
to  the  child  that  he  may  never  think  of  doubting  that  every 
one  else  possesses  it.  and  months  or  even  years  may  elapse  be- 
fore some  accident  reveals  the  direction  of  his  interest  lo  his 
astonished  relatives.  Several  of  the  calculators — Moudeux, 
Mangiamele,  Pterini,  Inaudi — were  shepherd-boys,  an  occupa- 
tion which,  since  it  requires  an  ability  to  count  and  affords 
ample  leisure,  is  peculiarly  favorable  for  practicing  calculation; 
several,  again,— Grand  mange  (bom  without  arms  or  legs). 
SaSbrd,    Pierini,  the  present  writer, — were  sick  or  otherwise 
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incapacitated  for  active  play  to  a  (i^eater  or  leas  extent,  and 
thus  eDJoyed  an  equally  good  opportunity  to  practice  calcula- 
tion. Fuller  and  Buxton,  on  the  other  hand,  whether  preco- 
cious or  not,  were  men  of  such  limited  intelligence  that  they 
could  comprehend  scarcely  anything,  either  theoretical  or 
practical,  more  complex  than  counting;  aud  their  purely  man- 
ual occupations  left  their  minds  free  to  carry  on  almost  without 
limit  their  slow  and  laborious  calculations. 

These  considerations  put  the  whole  matter  of  mathematical 
precticity  in  a  new  light.  Tnstead  of  joining  in  the  popular 
admiration  and  awe  of  these  youthful  calculators, — and  even 
psychologists  have  not  been  wholly  free  from  this  uncritical 
attitude. — we  must  say  that  precocity  in  calculation  is  one  of 
the  most  natural  things  lu  the  world.  If  a  person  is  to  become 
a  calculator  at  all,  he  will  usually  begin  as  soon  as  be  learns 
to  count,  and  in  most  cases  before  he  teams  to  read  or  write; 
and  his  development,  while  it  will  of  course  be  gradual, — in 
Bidder's  case  probably  a  year  elapsed  between  his  learning  to 
count  and  the  early  incidents  which  made  bis  gift  tnown, — 
will  be  so  greatly  facilitated  by  the  amount  of  time  available, 
ibe  intrinsic  interest  of  calculation,  and  the  case  with  which 
new  information  can  be  picked  np  as  needed,  that  he  may  be- 
come a  full-fledged  calculator  before  he  is  suspected  of  being 
able  to  count  withoot  the  aid  of  his  fingers.  His  preoccupa- 
tion with  bis  calculations  may  give  rise  to  a  false  appearance 
of  backwardness,  or  be  may  really  be  of  very  low  intelligence, 
or  he  may  be  an  all-round  prodigy  like  Safford,  Gauss,  and 
Ampere;  mental  arithmetic  is  so  completely  independent  and 
self- sufficient  that  it  is  equally  compatible  with  average  endow- 
ments or  with  either  extreme  of  tutelligeuce  or  stupidity. 

Mathematical  precocity,  then,  stands  in  a  class  by  itself,  as 
a  natural  result  of  the  simplicity  and  isolation  of  mental 
arithmetic.  There  is  nothing  wonderful  or  incredible  about  it. 
The  all-round  prodigy  like  Ampere  or  Sir  William  Rowan  i 
Hamilton  or  Macaulay  is  possible  only  in  a  well-to-do  and  cul- 
tured family,  where  books  are  at  hand  and  general  conditions 
are  favorable,  and  he  must  possess  genuine  mental  ability. 
The  musical  prodigy,  again, — Mozart  is  the  stock  instance, — 
must  come  of  a  musical  family,  hear  mnsic.  and  have  at  least 
some  chance  to  practice,  and  hence  cannot  long  hide  his  light 
under  a  bushel.  But  the  mathematical  prodigy  requires  neither 
the  mental  ability  aud  cultured  sunouudiugs  of  the  one  nor  the 
external  aids  of  the  other.  He  may  be  an  all-round  prodigy 
as  well,  like  Gauss,  Amp6re,  and  Safford;  it  is  not  improbable 
that  Bidder,  under  favorable  conditions,  would  have  developed 
into  such  an  "infant  phenomenon";  but  he  may  also  come  of 
the  bamblest  family,  and  be  unable,  even  uoder  the  most 
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favorable  conditions,  to  develop  average  intelligence.  He  may 
proclaim  himself  to  tbe  world  almost  at  once,  like  the  all-round 
or  the  musical  prodigy,  or  keep  his  gift  a  secret  for  moatlis  or 
even  years.  If  we  are  to  call  him  a  prodigy  at  all.  it  is  im- 
portant 10  realize  ho%v  widely  he  may  differ  from  other  prodi- 
gies, and  to  avoid  carefully  the  popular  confiisioo  due  to  the 
misleading  associations  of  the  words  "prodigy"  and  "pre- 
cocious." 

(_d)  Lvss  0/ Power.  Mental  calculation,  then.  &tarU  from  an 
interest  in  counting ;  at  the  outset  it  demands  only  that  ability 
to  count  by  I's,  2's,  3's,  7's,  and  the  like,  which  all  of  us  re- 
quire for  snch  every-day  purposes  as  keeping  track  of  tbe  days 
of  the  week.  But  if  for  any  reason  this  interest  in  counting  is 
lost,  practice  in  calculation  will  cease,  and  the  skill  litready 
acquired  will  disappear,  just  as  the  pianist's  skill  is  lost  when 
interest  and  practice  cease.  There  are  two  strikiug  instauces 
of  this  among  mental  calculators:  Wbately  and  Mr.  Van  R.  of 
Ulica,  both  of  whom  began  to  calculate  at  an  early  age,  hot 
lost  the  power  after  two  or  three  years.  Here,  again,  however, 
there  need  be  no  mystery;  the  disappearance  of  tbe  gift  with 
the  loss  of  the  interest  in  which  it  originated  is  as  natural  and 
normal  as  its  origiual  appearance. 

Just  what  caused  the  loss  of  interest  is  not  always  easy  to 
say.  In  Whaiely's  case  the  trouble  may  have  been  that  oa 
goiug  lo  school  he  wa&  taught  arithmetic  or  "dphering"  by 
methods  very  different  from  his  old  oues,  became  confused, 
failed  tu  establish  a  couuectiou  between  the  two.  and  lost  hia 
Interest  in  calculation  as  a  result  of  his  distaste  for '  'ciphering. "' 
In  Colbum's  case  the  loss  of  skill  seems  to  have  been  mnch 
more  gradual,  and  probably  never  complete.  In  this  respect 
he  is  like  the  pianist  who  retains  his  interest  in  music,  but 
is  prevented  by  other  occupations  from  keeping  in  practice; 
if  later  on  he  is  able  to  resume  practicing,  his  skill  is  soon 
regained. 

Edmation.  A  glance  at  the  table  of  mathematical  prodigies' 
Pwill  show  that  education  as  such,  whether  mathematical  or 
general,  has  little  or  no  influence  on  the  calculating  power, 
either  to  help  or  to  hinder  it.  At  tbe  one  extreme  we  find 
Fuller  and  Buxton,  men  of  dense  ignorance  and  limited  powers 
of  calculation,  and  near  them  Dase,  the  greatest  of  all  calcula- 
tors, who  even  in  mathematics  was  scarcely  less  stupid.  At 
the  other  extreme  stand  Ampere.  Gauss,  Bidder,  and  Safford, 
in  whom  unusual  mathematical  and  general  ability  and  a  wide 
range  of  interest.^  exist  side  by  side  with  marked  skill  in 
mental  calculation;    while,  on  the  other  hand,  tbe  ordinary 
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mathematiciati  or  man  of  catture  has  little  or  do  gift  for  mental 
arithmelic.  Tbat  the  calculatiug  power  shoald  be  independent 
of  general  edncation  is  not  particularly  surprising;  but  its 
independence  of  mathematical  training  and  ability  seems  at 
Grst  lean  natural  and  obvious. 

In  a  general  way,  we  may  distinguish  three  grades  of 
mathematical  ability  in  the  great  calculators.  Those  of  tfae 
first  class  never  get  beyond  the  stage  of  pure  counting,  though 
of  course  the  omnting  process  comes  to  be  ahbre^nated  more 
or  le^s  with  practice.  At  this  stage  the  point  of  view  is  not 
even  arithmetical;  the  calculator  thinks  not  of  arithmetical 
operatious.  but  of  propcrtiei  of  numbers  and  of  series,  and  the 
short-cuts  he  uses  are  of  a  relatively  simple  sort,  showing  no 
mathematical  insight.  Without  insisting  too  sharply  on  the 
distinction,  we  may  term  these  men  "catcalating  prodigies." 

Those  of  the  second  class  may  be  called,  from  the  present 
point  of  view,  "arithmetical  prodigies";  Colbum  and  Dase 
will  serve  as  examples.  Here  we  find  a  fairly  well  developed 
knowledge  nf  arithmetic,  and  a  distinctly  arithmetical  point  of 
view:  it  is  operations  of  calculation,  rather  than  mere  proper- 
ties of  numbers,  in  which  these  men  are  interested,  and  the 
various  short-cuts  used  are,  we  may  suppose,  suggested  by 
practice  in  calculation  rather  than  by  matliematical  keenness. 

The  third  class  comprises  the  "mathematical  prodigies"' 
proptr,  of  whom  Bidder  may  be  taken  as  the  type.  Here  we 
find  real  mathematical  ability,  power  to  take  a  distinctly  alge- 
braic point  of  view,  to  generalize,  and  hence  to  discover  all 
sorts  of  iugenious  short-cuts  and  symmetries.     Bidder's  com* 

Sound  interest  method  is  perhaps  the  most  striking  example ; 
[oodeux's    unconscious    use   of  the    binomial    theorem    is 
another. 

Snch  a  classiii cation  must  not  be  taken  too  seriously,  of 
course ;  a  good  deal  of  hair-splitting  would  certainly  be  needed 
to  establish  bard  and  fast  lines  between  the  diSereut  classes. 
The  important  point  is  that  mental  catculatiou  and  mathe- 
matical ability  are  essentially  independent,  and  that  almost 
any  degree  of  the  latter  is  compatible  with  any  degree  of  skill 
in  the  former.  Where  the  two  are  found  together,  calculation 
usually  appears  first ;  but  even  to  this  there  are  exceptions, 


'Tbeiie  t«nn«  are  here  u««)  merely  ■•  a  coovvDient  means  of  tem- 
pofkrilv  designating  dlEEcrcnt  i^radca  of  Akill  incatcalatian;  the  writer 
woalil  not  advocate  ttieir  eeneral  adoption  as  liere  detined.  For  a 
general  term  cmbracint;  all  three  classes,  "arithmetical  prodi^iea" 
•eems  the  )>cst:  ttie  reason  tttis  term  wa<t  not  taken  as  the  title  of  the 
present  paper  was  that  Scriptare's  article  already  bore  tbat  title,  and 
it  aceracd  aadesiralile  to  run  the  risk  of  coaf  UBing  later  stadenla  by 
adopting  it  for  a  second  article  on  the  snl>icct. 
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ffince  Diamandi  excelled  in  matbematics  at  school  for  nine 
years  before  he  discovered  his  gift  for  calculation. 

Neither  mathematical  nor  general  edacation  or  mental  ability, 
theu,  has  auy  direei  influence  on  mental  calculation.  Indi- 
rectly, however,  education  may  have  an  important  iuEuence. 
We  have  seen  that  if  for  any  reason  the  interest  in  calculatioo 
Is  lost,  the  calcnlaling  power  will  disappear.  Now  mental  cal- 
culation is  a  narrow  and  special  field,  with  little  practical 
importance  for  most  men  ;  hence,  other  things  being  equal,  as 
a  boy's  sphere  of  interests  widens,  his  interest  in  mental  calcu- 
lation is  likely  to  sink  into  the  background.  This  ezcplains 
why  so  many  ignorant  men  have  excelled  as  calculators ;  ig- 
norance, by  preventing  the  intrusion  of  other  interests,  leaves 
the  calculator  free  to  develop  his  one  gift,  and  keeps  him  from 
realizing  how  trivial  it  is,  and  how  groundless  is  the  public 
amazement  which,  perhaps,  contributes  to  his  support.  On 
the  other  hand,  if  the  interest  in  calculation  is  retained  despite 
the  widening  of  the  sphere  of  interests  resulting  from  educa- 
tion, the  calculating  power  may  prove  to  be  of  considerable 
practical  value,  The  two  Bidders  will  serve  as  examples.  The 
father  owed  his  striking  success  as  an  engineer  primarily  to  his 
powers  of  mental  calculation,  which  not  only  won  him  the 
friends  who  contributed  to  pay  the  cost  of  his  education,  but 
were  of  constant  use  to  him  in  his  profession,  especially  as  an 
expert  witness  before  Parliamentary  committees.  The  son.  a 
lawyer,  tells  us  that  he  finds  it  au  itnmense  advantage  to  have 
in  mind  a  number  of  formulas  and  constants  for  ready  refer- 
ence,' and  doubtless  bis  readiness  in  using  these  formulas  and 
constants  in  mental  arithmetic  was  still  more  useful.  Gauss 
and  Safford  are  illustrations  of  the  obvious  possible  usefulness 
of  mental  calculation  to  the  mathematician. 

Calailalion.  If  mental  calculation  naturally  arises  out  of 
counting,  we  might  at  firist  suppose  that  addition  would  be  the 
favorite  operation  of  the  mathematical  prodigies;  but  there  is 
no  evidence  lo  this  effect  iu  any  known  case.  Bidder  speci6cally 
slates  that  multiplication  is  the  fundamental  operation  ;  Col- 
burn  found  multiplication  easier  even  than  addition  or  subtrac- 
tion :  Huxton's  favorite  problems  seem  to  have  been  long 
niulliplicatiuus,  yet  we  have  seen  reason  to  suspect  that  bis 
calculations  never  progressed  far  beyond  the  counting  stage; 
the  younger  Kidder  performed  15-figure  multiplications,  Safford 
(thmjgh  in  a  very  easy  case)  an  i8-6gurc  multiplication,  and 
Base  one  of  100  6gures  which  did  not  seem  seriously  to  tax  his 
powers.  '  The  reduction  of  years  to  seconds  and  similar  prob- 
lems,  resting  on  simple  applications  of  multiplication,   have 


'  Spedator.  hi,  1878,  p.  16^5. 
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beOl'lfitVOrites  with  many  calculators.  In  short,  mulftpliatdon 
and  not  addition  seems  to  be  the  ftmdamental  and  favorite 
operation  in  mental  calculation. 

Nor  is  this  difficult  to  understand.  It  has  been  suggested 
above  that  in  the  earlier  stages  the  "natural"  calculator  who 
begins  with  counting — as  distinguished  from  the  "artificial" 
calculator  who  begins  relatively  late  iu  life,  using  boolc-metbods 
from  the  start — is  iuterested  mainly  in  properties  of  numbers 
and  of  simple  series.  Now  these  properties  are  revealed  not  by 
addition,  but  by  multiplication,  or  the  forms  of  counting  which 
are  equivalent  to  multiplication.  Addition  and  subtraction 
bring  out  no  properties  of  particular  interest.  Given  any  num- 
ber, another  number  can  be  added  to  it  or  subtracted  &om  it  so 
as  to  produce  any  other  Dumber  whatever,  by  processes  which 
are  mechuuical  aud  not  particularly  intere*iling.  Where  the 
addition  of  a  series  of  terms  does  produce  a  result  of  any  in- 
terest, as  in  the  series  i-l-2-|-3-r4  ....  or  the  series 
i+3-4-5-|~7  .  .  .  ,  the  interesting  property  belongs  to  the 
snm  not  primarily  as  a  sum,  but  as  a  function  oc  muUiple  of  the 
nth  term:  in  the  first  case  the  sum  of  n  terms  is  ^n(n-l-i), 
which  is  a  multiple  of  the  next  teim  n-\-i,  or  of  half  the  next 
term  in  case  that  next  term  is  even;  while  in  the  second  case 
the  snm  of  n  terms  is  always  equal  to  »',  which  is  Xhc  produH 
of  two  equal  factors.  Addition  and  subtraction,  iu  short, 
apart  from  m  11  Ui plication,  arc  mechanical  processes,  and  arc  of 
very  limited  interest  to  the  calculator,  whereas  multiplication 
is  tiie  key  to  all  thusc  properties  which  arou.se  his  interest  and 
stimulate  htm  to  establish  the  calculating  habit.  The  difier- 
ences  between  odd  and  even  numbers,  the  properties  of  prime 
and  composite  numbers,  as  well  as  of  squares,  cubes,  and  other 
powers,  scries  of  all  sorts.  2-figure  endings,  casting  out  the  9's, 
and  the  like,  all  grow  directly  out  of  multiplication. 

The  melhods  ased  in  mental  mnliiplication  arc  various.  The 
simplest  is.  as  we  have  seen,  a  more  or  less  abbreviated  process 
cii  counting.  I^  is  of  course  difficult  to  say  just  which  individ- 
ual calculators  remained  perm.iuently  in  this  stage;  we  have 
seen,  however,  how  large  a  part  this  counting  process  plays  in 
the  writer's  own  case,  and  it  is  not  unlikely  that  this  was  the 
method  of  both  Fuller  and  Buxton. 

Several  of  the  prodigies  began  multiplying  at  the  U/t,  in- 
stead of  at  the  right  as  in  the  ordinary  written  method.  The 
advantage  of  this  procedure,  as  Cotburn  and  Bidder  explain, 
is  that  the  larger  figures  first  obtained  are  easily  remembered, 
becanse  ending  with  so  many  zeros,  and  that  there  is  at  any  given 
stage  of  the  work  only  one  re.<mlt  to  keep  in  mind.  The  re- 
sult is  changed,  to  be  sure,  by  each  new  partial  product  in* 
corporated  with  it;  but  the  great  diSerence  between  written 
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and  mental  arithmetic  is  that  whereas  in  the  former  it  ifi easiest 
to  record  the  partial  results  and  tatcr  combine  them  all  at  once, 
in  the  latter  it  i<;  much  ca-SJcr  tn  combine  at  each  separate  stage, 
and  relieve  the  memory  of  the  strain  of  remembering  the  par- 
tial results  throughout  the  process.  Probably  in  most  cases 
the  partial  products  actually  arg  remembered,  as  by  Inaudl. 
e.ji::  but  the  fact  that  ihey  maybe  forgotten  if  desired  withont 
interfering  with  the  calculation,  relieves  the  calculator  of  all 
anxiety  in  the  matter. 

Sticb  is,  in  general.  Bidder's  explanation  of  this  method.  It 
is  obvious,  however,  that  no  such  carefully  reasoned  considera- 
tions can  influence  the  calculator  at  the  early  stage  when  his 
methods  arc  taking  shape;  and  in  mental  arithmetic  it  is  almost 
always  easier  to  go  on  with  an  old  method,  however  imperfect  in 
theory,  than  to  learn  a  new  one.  The  real  reason  for  Bidder's 
adoption  of  this  method  is  doubtless  the  very  simple  one  that 
it  is  more  natural  to  begin  with  the  first  fignreof  thcmultiplier 
than  with  the  last;  if,  however,  the  calculator  should  acci- 
dentally form  the  habit  of  beginning  with  the  last  figure,  it  is 
hard  to  see  where  any  real  inconvenience  would  result.  In 
mental  as  in  writtea  arithmetic,  much  depends  on  custom  and 
habit;  it  is  hard  to  see  any  great  difference  in  convenience  be- 
tween beginning  at  the  right  and  beginning  at  the  left,  either 
in  mental  or  in  written  mtiltiplication.  Of  the  two  processes 
below. 
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it  is  custom,  rather  than  the  minute  difference  In  convenience, 
that  sanctions  the  first  rather  ihnn  the  second. 

There  are  two  calculaiors,  the  younger  Bidder  and  Dia- 
maudi,  who  are  known  to  have  used  erois-muUiplkation ;  the 
elder  Bidder,  however,  as  we  have  s«q,  did  not  use  this 
method,  despite  his  son's  statement  to  that  effect.  It  is  prob- 
ably not  a  coincidence  that  both  the  users  of  cross- multiplica- 
tion were  of  the  visual  type;  for  while  this  method  has  advan- 
tages which  have  already  been  explained,  it  is  a  radical 
departure  from  direct  counting,  and  would  naturally  arise  only 
as  an  abbreviation  of  written  multiplication,  ur  of  meutal  mul- 
tiplication done  by  the  methods  of  written  multiplication.  In 
short,  it  is  an  "artificial"  method  of  mental  calculation.  Cross- 
multiplication  would  be  greatly  facilitated  by  a  mental  picture 
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of  the  6g^Fes  as  aiTflnged  for  written  work;  snd  we  know  that 
both  these  mea  possessed  such  mental  pictures,  though  doubt- 
less in  a  modified  form.  Diamandi  learned  mental  arithmetic 
after  his  methods  of  written  arithmetic  had  taken  definite 
shape,  and  it  is  fairly  safe  to  assniiie  that  the  same  was  also 
true  of  the  younger  Bidder;  this  would  imply,  of  course,  that 
be  was  less  precocious  than  hJs  father. 

Another  method  of  ninltiplication  possible  for  a  visual  cnl- 
culator  is  that  explained  by  Richard  A.  Proctor'  In  brief, 
according  to  this  explanatioD,  each  number  is  for  the  calctila- 
tor  a  visual  group  or  paitem  of  dots,  discs,  or  the  like,  and 
multiplication  consists  in  mentally  juxtaposing  or  otherwise 
combining  as  many  of  these  patterns  of  the  multiplicand  as 
there  are  nnits  in  the  multiplier,  and  then  rearranging  the 
dots  into  B  simpler  pattern  which  indicates  the  product  at  a 
glance.  Of  course  all  sorts  of  short-cuts  would  come  in  with 
practice;  but  in  principle  the  method  is  as  iudicated.  The 
essential  characteristic  of  these  mental  dot-patterns  is  their 
plasticity,  the  ease  with  which  the  pattern  can  be  changed 
while  the  number  of  dots  remains  unaltered.  Proctor  tells  U9 
that  as  a  child  be  himself  acquired  some  little  facility  in  men* 
tal  arithmetic  by  this  method,  aod  probably  with  sufficient  in- 
terest and  practice  it  would  give  good  results  in  the  case  of  a 
visual  calculator.  Up  lo  the  present  time,  however,  Proctor's 
ease  is  the  only  one  of  the  sort  that  has  come  to  light,  and 
there  is  no  ground  for  extending  this  explanation  10  other 
known  cases. 

Another  explanation  of  mental  multiplication,  proposed  by 
Proctor  and  Scripture,  attributes  to  the  prodigies  an  extended 
tnuliiplieation  table.  Proctor  conjectures  that  it  may  even 
reach  (in  the  case  of  Bidder)  to  1,000  x  1,000;  Scripture. 
however,  suggests  only  100  x  100.  On  this  theory,  the  multi- 
plication of  two  12-figure  uumbers  would  proceed  by  the 
division  of  each  number  into  six  z-figure  periods,  or  four 
3-figure  periods,  which  would  then  be  used  in  the  same  way 
as  ordinary  mortals  use  single  figures,  giving  the  answer  in  6 
partial  products  of  6  operations  each,  or  4  partial  products  of 
4  operations  each,  instead  of  12  partial  products  of  12  opera- 
tioos  each. 

Doubtless  such  a  method  is  theoretically  possible,  and  would 
materially  reduce  the  time  required  for  multiplication;  but  can 
we  attribute  it  to  any  calculator  of  whom  wc  have  specific 
knowledge  ?  We  know,  of  course,  that  any  ly>ok-method  or 
artificial  aid  of  written  or  mental  arithmetic  can   be  utilized 
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with  sufficient  practice.  Teachers  have  taught  whole  classes 
of  pupils  to  multiply  with  the  aid  of  more  or  less  extended 
tables;  Gauss  used  logarithms  in  his  mental  calculations;  and 
the  younger  Bidder,  Ferrol,  and  probably  Hubcr's  blind  Swiss 
used  mnemonics  of  some  sort.  The  question  is,  however;  Did 
such  men  as  Buxtou,  Colburn.  Mondcux.  Dasc,  and  Bidder — 
men  who  undoubtedly  belong  to  the  "natural  family  of  great 
calculators,"  *.  e.,  whose  methods  of  calculation  look  shape  in 
the  first  instance  independently  of  books — use  multiplication 
tables  reaching  to  too  x  loo,  or  even  50  x  50,  or  can  their  feats 
be  explained  without  presupposing  a  table  reaching  beyond  10 
ic  10  or  12  X  13? 

There  are  two  ways  in  which  such  an  exteoded  multiplica- 
tion table  might  be  acquired.  Id  the  first  place,  the  calculator 
might  sit  down  and  fignre  out  the  various  products,  either 
mentally  or  on  paper,  and  then  commit  them  to  memory,  a 
iew  at  a  time,  until  all  were  fully  mastered.  In  this  case  the 
multiplication  of  48  by  64  would  take  the  mental  form,  "Forty- 
eight  limes  sixty-four  are  3.072,"  or,  in  a  shortened  form,  the 
numbers  48  and  64,  connected  by  the  multiplication  sign  or 
the  words  "multiplied  by,"  would  call  up  directly  the  idea  of 
3,072,  without  any  intermediate  calculation,  either  clearly  con* 
sctous  or  automatic:  just  as  g  x  7  means  63  for  the  ordinary 
man.  without  the  intervention  of  any  of  the  other  multiples  of 
9  or  7.  Fatigiie  or  lack  of  practice  might  render  the  process 
slower,  but  would  not  introduce  any  intermediate  liuks  of 
calculation.  In  the  second  place,  the  calculator  might,  with 
practice,  be  able  to  multiply  48  x  64  so  readily  and  rapidly, 
by  more  or  less  automatic  processes,  that  he  would  get  the 
answer,  3,072,  as  quickly  as  if  be  had  relied  on  a  direct  act  of 
memory;  and  ifthe  process  of  calculation  happened  to  be  mainly 
or  wholly  automatic,  be  might  even  be  ignorant  of  its  existence, 
and  suppose  he  bad  actually  found  the  result  by  direct  and 
unaided  memory.  At  times,  however,  brief  Sashes  of  these 
intermediate  calculations  would  pass  through  his  mind;  and 
when  he  was  tired  or  out  of  practice,  his  calculations  would  not 
only  be  slower,  but  would  be  of  a  more  clearly  conscious  char- 
acter. The  interuiediflte  links,  which  had  been  made  auto- 
matic and  half  unconscious  by  practice,  would  return  as  soon 
as  fatigue  or  dt&use  reduced  the  calculator's  speed. 

In  this  second  case,  however,  it  is  evident  that  the  whole 
5,000  or  10,000  entries  of  a  multiplication  table  to  100  %  100 
cannot  properly  be  .said  to  exist  already  computed  in  the  calcula- 
tor's mind.  We  shall  have  to  discuss  a  little  later  the  various 
ways  of  shortening  the  calculation  on  the  psychological  side; 
but  in  dealing  with  the  enlarged  runltiplication  table  theory, 
we  must  insist  that  the  only  legitimate  interpretation  of  the 
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th«ory  is  that  sach  a  table  is  deliberately  eommitied  to  memory 
by  lb«  calculator,  and  not  reached  in  particular  cases  by  an 
abbreviated  process  of  calculation  wbo^  otaitted  liuks  could 
return  uuder  any  ordinary  circumstances.  Fatigue  or  lack  of 
practice  might  prolong  the  time  of  unmeditated  recall,  but  could 
never  interpolate  into  it  even  the  briefest  flashes  of  calculation. 
If,  then,  no  specific  evidence  is  at  hand  that  such  an  enlarged 
table  actually  wai  used  by  any  of  the  "Datural  calculators." — 
and  no  such  cvideuce  has  been  adduced  by  the  advocates  of  the 
theory, — we  cannot  accept  this  explanation  unle-ss  it  is  shown, 
either  that  the  enlarged  multipUcation  table  is  a  more  natural 
method  than  the  smaller  table,  or  that  the  actual  achieve- 
ments of  some  or  all  of  the  calculators  cannot  be  explained  in 
any  other  way.  Actually,  the  latter  of  these  arguments  is  ihe 
one  on  which  the  defendera  of  the  theory  seem  t<>  rely;  it  will 
be  safest,  however,  for  us  to  examine  the  former  as  well, 

In  the  first  place,  then,  it  can  hardly  be  claimed  that  a  mul- 
tiplication table  extending  much  beyond  10  x  10  is  either  natural 
or  useful  in  the  early  stages  of  mental  calculation,  if  the  cal- 
cnlatiou  arises  in  the  natural  and  not  in  the  arti6ctal  way. 
The  child  who  becomes  a  calculator  begins  to  multiply  soon 
after  he  learns  to  count,  certainly  before  he  has  learned  to 
count  beyond  1000,  and  hence  before  his  multipliers  have  ex- 
ceeded 31.  It  will  hardly  be  argued  that  up  to  this  point  a 
table  beyond  lox  10  would  be  of  any  use.  Hence  M(r  talada- 
tor's  habits  and  methods  of  muitipiuation  are  definitely  formed 
be/ore  a  table  ixyond  10  X  to  is  needed.  Such  a  table  serves  all 
the  purposes  even  of  written  multiplication  for  most  of  us;  in 
fact,  even  if  we  know  the  multiplication  table  to  12x12,  we 
rarely  use  it  beyond  10  x  10.  How  mauy  of  us  in  multiplying 
413,976  by  3,128,  for  instance,  would  think  to  treat  the  12  in 
cither  the  multiplicand  or  the  multiplier  as  a  single  factor?  It 
is  only  where  the  multiplier  itself  is  simply  11  or  12  that  the 
12x12  table  excels  the  10 x  to  table  for  any  practical  purpase. 
Hence,  unless  an  enlarged  tabic  extended  all  the  way  to  100  x 
100,  its  utility  would  be  relatively  slight.  In  mental  multipli- 
cation, too,  we  know  that  Inaudi,  who  could  multiply  6  figures 
by  6  figures,  used  a  table  reaching  only  to  lox  10.  We  are 
thus  brought  to  our  sec<.ind  iguestion  :  In  multiplication  by  iz- 
fignre  numbers  or  larger,  need  we  presuppose  a  table  extending 
beyond  10x10  in  order  to  explain  the  actual  achievements  of 
known  calculators?  Must  the  calculator  enlarge  his  table  as 
the  size  uf  the  numbers  he  uses  is  increased,  nr  does  he  simply 
depend  on  practice,  and  on  new  short-cuts  other  than  enlarge- 
ment of  his  mnttiplication  table,  to  extend  bis  powers  and  in- 
crease his  speed  ? 

Bidder's  answer  to  this  question  in  his  own  case  is  explicit. 
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He  says:'  "Now.  for  lostance.  suppose  tbat  I  had  to  multiply 
89  by  73,  I  should  instantly  say  6,497;  if  I  read  the  figures 
written  out  before  me  I  could  not  express  a  result  more  cor- 
rectly, or  more  rapidly;  this  facility  has,  however,  tended  to 
deceive  me,  for  I  fancied  that  I  possessed  a  multiplication  table 
up  to  100  X  100,  and.  when  in  fiiH  practice,  even  beyond  that ; 
but  I  was  in  error ;  the  fact  is  that  1  go  through  the  entire 
operation  of  the  computation  in  that  short  interval  of  time 
which  it  takes  me  to  announce  the  result  to  you.  I  multiply 
80  by  70,  80  by  3;  9  by  70,  and  g  by  3;  which  will  be  the 
whole  of  the  process  as  expressed  algebraically,  and  then  I  add 
them  up  in  what  appears  to  be  merely  an  instant  of  time." 

This  testimony  is  unequivocal;  Bidder,  as  Scripture  admits, 
certainly  did  not  have  a  multiplication  table  extending  beyond 
10  X  10,  yet  he  was  able,  on  one  occasion  at  any  rate,  to  per- 
form a  i2-fig^re  multiplication.  Kurthermore,  Bidder's  calcu- 
lations were  so  rapid  and  antomatic  that  he  was  himself  deceived 
in  this  matter,  and  thought  he  actually  had  such  a  multiplica- 
tiou  table  as  Proctor  attributes  to  him.  Even  if  we  grant  that 
when  Bidder  wrote  this  account,  in  his  50th  year,  his  powers 
bad  slightly  diminished,  with  the  result  that  his  calculations 
were  somewhat  less  automatic  than  in  his  youth,  it  is  clear, 
nevertheless,  that  even  in  his  prime  as  &  calculator  he  depended 
on  calculation,  not  on  a  memorized  multiplication  table  beyond 
10  X  10. 

What  shall  we  say.  now,  of  other  calculators  ?  Fuller,  the 
man  who  required  2  minutes  for  a  simple  calendar  problem, 
may  be  dismissed  at  ouce  ;  he  needed  no  enlarged  multiplica- 
tion table.  Buxion,  Scripture  tells  us,'  "preserved  the  several 
processes  of  multiplying  the  multiplicand  by  each  figure  of  the 
lower  line  in  their  relative  order,  and  place  as  on  paper  until  the 
final  product  was  found,"  The  reference  for  this  passage  is 
not  given.  The  statemeut,  however,  is  directly  contradicted 
by  Buxton's  own  account  of  his  method  of  multiplication,  ac- 
cording to  which,  as  we  have  seen,  he  multiplied  by  5.  then  by 
30.  then  by  3  to  multiply  by  300.*  It  is  safe  to  omit  Buxton, 
therefore,  from  the  list  of  users  of  large  multiplication  tables. 
Colbum's  account  of  his  method  of  multiplication  *  is  almost 
identical  with  Bidder's,  and  leaves  no  doubt  that  he  multiplied 


'  Prof.  /fist.  C.  E..  XV,  p.  956. 

'*Ofi.(it.,  p.  58.  Od  tbit  ttatenienl.  which  is  ilmoHt  certainly  iocor- 
rect,  ScHptnre  tuiNeft  hi*  helicf  thnt  Bnxton  had  a  good  "imagloBtioti," 
i.  «.,  txlonectl  to  tlie  viaual  memcry  type. 

*tti  the  IlKbl  of  tbi«  eiutiiple,  wbich  he  bimsclf  quotes  (p.  48).  It  Is 
hard  tn  urderstRnd  why  Scripture  tttfnks  (p.  46)  we  can  preauppose 
tbe  enlKTweil  multiplication  table  in  Ibc  caae  of  BuxtoD. 
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by  but  one  figure  at  a  time.  Moadeux.  we  are  told,'  "actually 
possessed  part  of  such  a  table."  Here  again,  unfortunately, 
the  reference  is  omitted.  The  only  statement  in  Cauchy's  report 
that  looks  like  a  foundation  for  tbis  a^isertioD  is  Cfaai  Mondeux 
■'knows  almost  by  heart  tbe  squares  of  all  whole  numbers 
under  100."  Bui.  as  we  have  already  seen,  the  powers  of 
Dutubers  strongly  attract  the  interest  of  the  calculator  at  ao 
early  .stage ;  hence  in  tbe  absence  of  other  evidence  it  is  not 
legitimate  to  infer  the  presence  of  a  complete  muliiplicaiioa 
table,  or  any  CKicntial  part  of  it,  from  the  presence  of  a  table 
01  squares.  Inaudi's  methods  are  fully  described  by  fiioet,  and 
show  that  be  used  a  table  extending  only  to  10x10.  Dia- 
maudi  and  the  younger  Bidder  used  cross-muUiplicalion,  and 
there  is  no  definite  evidence  that  they  used  more  than  one 
figure  at  a  time.  Safford  so  closely  resembles  Kidder  and  Col- 
burn  that,  in  the  abseuce  of  evidence  to  tbe  contrary,  we  may 
safety  asbuuie  that  bis  method  of  multiplication  was  tbe  same 
as  theirs.  Zaneboni  did  not  possess  a  systematic  table  extend- 
ing to  toox  100,  though  be  knew  many  squares  and  a  few 
scattered  products  beyond  lox  10.*  Concerning  Ampere  so 
little  is  definitely  known  that  it  is  idle  to  speculate  abuut  bis 
methods  ;  but  tbis  is  hardly  a  proof  that  be  used  an  enlarged 
multiplication  table. 

There  remain,  then,  only  Gauss  and  Dase.  It  roust  he  nd- 
mitted  that  these  men  may  have  used  enlarged  multiplication 
tables  ;  the  a^sertiun  cannot  be  disproved  on  tbe  basis  of  avail- 
able evidence,  and  both  men  seem  to  have  excelled  practically 
all  other  calculators.  Hut  white  Gauss  undoubtedly  began  as 
a  "  natural  "  calculator,  he  nfterward.i  also  used  logarithms  and 
other  "artificial  "  methods  in  his  mental  calculations  ;  so  that, 
even  if  wc  grant — though  there  is  no  known  evidence  for  the 
view — that  he  used  a  large  memorized  multiplication  table. 
bis  case  affords  no  basiis  for  inferences  concerning  the  procedure 
of  other  calculators  less  gifted  mathemaiically.  Thus  the  case 
of  Dase  alone  among  the  "major  calculators"  remains  for  fur- 
ther consideration. 

We  have  already  seen  that  in  rapidity  and  extent  of  calcula- 
tion Dase  stands  in  a  class  apart.  It  would  therefore  be  unsafe 
to  say  dogmatically  that  bis  methods  did  not  differ  from  those 
of  other  calculators.  Even  in  his  case,  howe%'er,  the  ordinary 
methods  are  sufficient  to  explain  all  his  feaLs.  without  recourse 
to  the  extended  multiplication  table  theory.  Inaudi  could  pcr- 
jbrm  a  3-figure  multiplication,  by  the  ordinary  method,  in  2 
seconds,  tbe  partial  products  invoiving  6  figures,  or  at  the  rate 


'Sctiptorc,  op.  at.,  p.  46. 

^Jiiv.  sp^r.  di  Fren..  XXIII,  1897,  p.  411- 
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of  iSo  figures  of  partial  product  per  minute.  "Dasc  required 
54  seconds  for  an  8-figure  muItipHcation,  witb  not  more  than 
72  figures  of  partial  product,  or  80  figures  per  minute,  a  falling 
off  of  about  55%  from  Inaudi's  speed  in  the  shorter  operation. 
For  any  other  calculator  a  much  greater  falling  off  would 
naturally  be  expected  ;  but  in  a  4a-fignre  mnltiplication,  per- 
formed in  40  minutes,  Dase  was  able  to  maintain  a  speed  of 
41  figures  of  partial  product  per  minute,  and  in  a  icx)-figure 
multiplication  a  speed  of  about  20  figures  per  miuute,  in  com- 
plete defiance  of  the  rules  that  bold  for  other  calculators.' 
Hence  even  if  we  grant  that  Dase  divided  the  numl)ers  into 
3-fignrc  periods,  he  may  well  have  mnltipUed  within  those 
periods  by  the  ordinary  method,  without  having  recourse  to  a 
table  larger  than  lox  lo. 

There  is  no  warrant,  then,  for  supposing  that  any  of  the 
prodigies  except  Gauss  and  Dase  used  a  multiplication  table 
larger  than  that  of  ordinary  mortals;  and  even  in  these  two 
cases  there  is  no  direct  evidence,  only  a  hare  possibility;  all 
their  known  feats  are  explicable  on  the  supposition  that  they 
used  the  small  tables  of  Bidder,  Inaudi,  and  the  rest.  We  may 
therefore  dismiss  the  theory  of  enlarged  multiplication  tables. 


iln  Binet's  tests  Inaudi  performed  a  2-figiirc  mnUipllcBtioa  in  2 
•ecoutl*.  3-fiRure  in  6.4  seconds,  4-figure<the  limit  of  hi»  ordinary  Dliige 
ezhihitions)  in  ai  seconds,  5-&Kurc  in  40  secoads,  butfi-fi^urc  in  4  mill- 
nte»,  or  140  *econds.  This  snddcn  increase  in  the  tiuic,  6  times  as  long 
tor  6  6gures  as  for  5  fiRnrcB,  s(.-«m9  to  indicate  that  in  paasiii};  from  5 
to6figttre9  iDBurti  exceeded  Ihc  limits  of  his  ordtnarj'  practice,  ana 
became  confused.  Bidder  {Proc.  Inst.  C.  A'..  XV,  p.  256)  suggeata 
thai  ID  CSKS  where  the  multiplicand  contains  the  same  number  of  fig' 
urci  u  the  muUipUcr,  the  difficulty  should  increase  roagbly  as  tlie 
fourth  power  of  the  number  of  figures  in  the  multiplier,  amce  the 
nnmher  of  partial  product  figures  involved  increases  as  the  stjuare  of 
the  number  oi  figures  in  the  nialtiplicr,  while  the  difficulty  of  remeni> 
bering  the  lar|<cr  numbers  also  iucreases  roughly  as  the  square  of  the 
oumbvr  of  fiKutes  in  the  moUiplier.  On  this  ba^ts,  the  time  for  6  fig- 
ures ought  10  be  about  twice  as  long  as  for  5  ngiires,  whereas  with  In- 
audi  it  wasi  6  limes  as  long,  01  x,  times  the  theorciical  speed.  In  Dase'a 
case,  however,  the  results  are  all  in  the  other  direction.  In  passing 
from  8  figures  to  40  figures  his  time  increased  only  abont  44-fold,  or 
1-14  the  theoretical  increase (615  times);  aud  in  passiue  from  40 figures 
to  100  figures  the  increase  in  time  was  only  13  instead  of  39  tiiues,  or 
>i  what  we  ahonid  expect  on  Bidder's  theory.  Of  course  theae  com. 
parikon*  cannot  pretend  to  be  esact;  still  they  are  iuteresii«n.  as 
showing  how  little  Dase's  powers  were  strained  by  increase  iu  the  size 
of  the  numbers.  Nowhere  in  his  calculations  is  there  any  indication 
of  such  coQfa:sio»  HI  overcatuc  Inaudi  iu  passing  from  5  (igurcs  to  6 
figures.  In  fact,  we  may  well  aupposc  that  only  physical  fatigue 
could  limit  th?  extent  of  base's  calculations  in  a  single  ailting.  Ifhe 
could,  lilte  Buxton,  after  a  night's  rest  resume  his  work  where  he  left 
off  on  the  previous  day,  it  is  safe  to  assume  that  even  a  3oo-figure 
multiplication  would  hardly  have  been  beyond  his  powcra. 
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at  least  until  its  advocates  have  broaght  forward  further  and 
more  definite  evidence  than  any  that  has  \et  been  produced. 

Factotivg  was  a  favorite  problem  witli  Cnlburn.  Bidder,  and 
Safford;  none  of  the  others,  however,  are  known  to  have  ex- 
plorcd  this  field.  Colburn  and  Bidder,  and  doubtless  Safford ' 
as  well,  used  z-figurc  endings  in  solving  problems  of  thii;  cinss. 

We  have  seen  that  square  and  cube  root  problems  were  favor- 
ites with  several  of  the  prodigies.  Here,  as  in  tnulti plication, 
Dase  towers  above  all  the  rest;  he  conld  extract  the  30-figure 
square  root  of  n  60-figure  nnmber  in  an  "incredibly  short 
time,"  and  the  50-figurc  square  root  of  a  loo-fignre  number 
in  5J  minutes.  His  method  was  probably  simitar  to  the  or- 
dinary written  method,  but  with  the  short-cuts  suRRested  by 
his  great  familiarity  with  large  Dumbers.  Whether  he  found 
part  of  the  numbers  by  simple  division,  or  preferred  to  continue 
his  approximations  in  the  ordinary  way  to  the  end  of  the  proc- 
ess, is  not  known.  He  was  almost  certainly  acqnainted  with 
some  of  the  properties  of  2-figure  endings.'  and  may  ha\"c  used 
them  iu  finding  the  roots  of  small  numbers.     More  probably, 

I  Th«  cTidvncr  in  SaBord'scaac  is  as  followa,:  (1 )  Thr  general  aitni- 
Uriiy  between  Sa&ordon  the  one  baud,  andColbura  aud  Bidder  on  the 
other.  All  three  specialiKcd  in  evolution  and  factoring,  where  2-figure 
endiu^a  are  peculiarly  helpful;  Colbura  aa<)  Bid<ler  tell  us  explicitly 
that  they  usd  these  ending;  hence  it  is  probable  that  Satford  did 
also.  (21  Salford  extracted  the  cube  loou  ol  three  j-G^urc  numbers 
"inataatly."  Now  ibe  endinR  method  is  inataDtaueoua  for  nuoibera 
Dp  to  9  figuree.  and  is  the  only  known  method  that  is  lustantancoua. 
(3)  When  asked  the  cube  root  of  3,733.875,  he  anawcred.  "155.  is  il 
not?"  whereas  in  the  case  of  numbers  not  endiug  with  s  his  answers 
were  categorical.  Xow  for  most  odd  eudinKs  there  is  only  one  possi- 
ble cube  root;  bat  for  the  ending  75  there  is  a  choice  between  15,  35, 
55.  75.  and  95,  A  sliiflit  besiutiou  between  135  and  155,  or  15s  and  175, 
would  therefore  l}e  natural  if  he  depended  on  the  ending  primarily, 
whereas  if  be  depended  ou  memorixalion  of  other  cubes.  01  direct  cal* 
cnlaiiOD,  mntti^les  ol  5  would  be  uo  harder  than  other  oumbets. 

'The  evidence  in  this  case  is  that  Dase  was  fond  of  finding  jih  pow- 
ers, because  the  last  figure  was  always  the  same  iu  the  51b  power  aa 
in  tbe  given  nnmber.  (Gatuft-Schnntachcr  f  rfV/u'ffAjW,  V.  p.  i^i.) 
Now  the  5th  power  also  has  the  property  that,  in  many  caac9,  tbe  laat 
figure  alouc  of  the  given  uuniber  determines  the  last  tH-fO  figures  of 
the  stb  power.  Any  oue  who  bad  found  5tb  powers  often  enough  to 
acquire  a  preference  for  them  coold  hardly  fail  to  note  this  property, 
which  in  turn  uii^bt  easily  lead  to  the  discovery  of  the  properties  of 
lOth  and  aotb  powers,  eapecially  since  loih  and  aoth  powers  are  also 
themselvra  5th  powers.  Dal  since  at  the  aoth  power  there  are  only 
(our  possible  eudings.^-oo  for  number*  ending  with  o.  25  for  numbcra 
ending  with  5,  01  for  all  other  o<ld  numbers,  and  76  for  all  other  evro 
numbers. — and  since  after  the  2oth  power  the  cycle  of  endings  re- 
peats,— the  Stat  power  ending  beiug  usually  the  same  aa  the  1st,  the 
33nd  always  the  same  as  the  ind,  etc.^the  properties  of  the  whole 
cycle  are  readily  investigated,  and  would  be  almost  certain  to  attract 
the  calcalator's  attention,  as  s<K>n  a»  he  bad  become  really  iatereeted 
hi  stb  powerv. 
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however,  be  knew  by  heart  the  squares  of  all  numbers  at  least 
np  to  loo,  ill  which  case  a-figure  endings  would  be  of  le^s  use 
to  him.  In  dealing  with  numbers  of  60  or  100  figures  they 
would  be  practically  nsclcss,  for  the  reason  that  where  the 
given  number  is  as  long  as  this,  it  i$  usually  selected  by  the 
quebtioner  at  random,  rather  than  foimed  by  laborionsly 
.squaring  a  large  number.  Hence  the  given  number  will 
rarely  he  a  perfect  square,  and  the  method  uf  endings  will  not 
give  even  the  last  two  or  three  fignres.  Whether  it  can  be 
used  at  any  of  the  intemediate  stages  of  the  work  is  doubtful.' 

Most  of  the  other  prodigies  who  have  made  a  specialty  of 
square  and  cube  root  problems  either  depended  on  2-figQre  end- 
ings, resorting  to  guess  and  trial  when  the  given  numbers  were 
not  perfect  squares  or  cubes,  or  else  kept  in  mind  the  squares  and 
cuJiesofmany  or  most  of  thenumlwrsuplo  lOo  or  beyond.  Such 
methods  would  work  fairly  well  when  the  root  contained  not 
more  than  5  or  6  figures.  Answers  can  be  obtained  "instantly," 
however,  only  by  the  method  of  endings,  and  even  by  that 
method  only  when  there  arc  not  more  than  3  figures  in  the 
root;  though  the  method  might  be  made  "instantaneous"  for 
4-figurc  roots  of  exact  squares  and  cubes  if  the  calculator  had 
committed  to  memory  the  squares  and  cubes  of  all  numbers 
under  100. 

Inasmuch  as  the  part  played  by  3-figure  endings  has  hitherto 
been  little  recognized  by  students  of  the  mathematical  prodi- 
gies, it  seems  worth  while  here  to  determine,  if  possible,  just 
how  widely  they  were  used  by  the  different  calculators.  Col- 
bum.  Bidder,  Safford.  Zaneboai,  and  the  preseut  writer,  we 
have  seen,  used  them  more  or  less  freely.  There  is  some 
evidence,  not  conclusive,  however,  that  Dnse  was  familiar  with 
their  proiwriies.  The  daughter  of  the  Countess  of  Mansfield 
extracted  readily  thesquBreandcuberootsof9-fignre  numbers, 
and  may  have  used  this  method.  Gauss  was  familiar  with 
many  propositions  in  tiumber-theor>',  of  which  the  properties 
of  2-hgnre  endings  are  only  special  cases;  it  wonld  hardly  be 
safe  to  infer,  however,  that  heused  these  properties  extensively 
in  his  mental  calculations.  A  hare  possibility  exists  in  the  case 
of  one  or  two  other  calculators — Mondeux,  for  instance — that 


'John  Wallis  (1616-1703).  accordia^  to  letters  of  his  reprinted  intb« 
Clasiual Jottrtiat.  XI.  1S15.  p.  179.  aud  in  th*  Speelator.  L.II.  1S79,  y. 
It,  cktracied  the  square  Mx>t  ol  3, ooooq.oooqo.coooo.coooo, 00000,00000. 
00000,00000  menially,  and  on  another  ocrasiou  the  !U]uare  root  nf  n  5^. 
figure  nnuiber.  The  third  figufc  of  the  JitsI  answer  iit  wroii|i1y  given 
in  both  Joursali  as  7  instead  of  3:  as  the  next  3  or  4  figores  are  cor- 
rect, however,  for  m/y  the  error  io  probably  only  tyiMgrapbical.  In 
the  Spectator  the  first  piobleni  i«  wronRly  given  as  3000U.  etc..  instead 
of  3,00000.  etc.  Scripture  {ap.  cit.,  p.  3I&)  carries  over  both  errors 
from  the  Spectator  without  comment. 
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the  properties  of  the  endings  were  more  or  less  fully  known. 
Wilhout  seeking  to  exaggerate  the  importance  of  these  ead- 
ings,  therefore,  we  may  safely  say  that  of  the  calculators  we 
have  studied,  aboat  one  !□  every  four  was  familiar  with  them. 
Their  importance  for  us  here,  however,  is  rather  as  au  illustra- 
tion of  the  sort  of  nutacrical  symmetries  and  properties  which 
arouse  the  interest  of  the  calculator  than  as  new  aud  valuable 
discoveries;  in  fact,  from  the  mathematical  standpoint  they  are 
trivial  and  of  very  limited  interest.  To  answer  questions  in 
evolution  and  factoring,  the  mathematician  would  turn  to  his 
tables  of  factors  or  roots,  or  to  a  logarithm  table;  he  would  re- 
gard the  properties  of  the  mathematical  prodigy's  3-&gure 
endiugs  as  unimportant  special  cases  of  more  general  proposi- 
tions in  the  Theory  of  numbers.  Up  to  the  present  time,  then, 
these  endings  are  of  merely  curious  interest  except  in  connec- 
tion with  mental  calcuUtion;  though  it  is  conceivable,  of  course, 
that  if  a  new  and  comprehensive  theory  of  their  properties 
were  worked  out ,  it  might  find  a  subordinate  place  in  the  theory 
of  numbers.' 

It  will  be  noted  that  the  term  "ending"  has  been  used  in 
the  present  paper  as  a  synonym  for  "2-figure  ending,"  the 
implication  being  that  no  other  kinds  of  endings  are  of  im- 
portance in  mental  calculation.  It  is  easy  to  see  why  this 
should  be  so.  The  projxTiies  of  i-Ogure  endings,  or  last 
figures,  are  so  simple  that  many  of  them  are  familiar  to  the 
average  schoolboy,  and  they  tell  so  little  about  the  answer  to  a 
given  problem  that  their  utility  in  mental  arithmetic  is  negli- 
gible. To  study  3-Hgure  endings,  ou  the  other  hand,  would 
involve  a  large  number  of  3-figure  mnlti plications;  so  that  here, 
as  in  the  case  of  the  multiplication  table,  if  the  endings  are 
used  at  all.  the  use  of  the  smaller  ( s-fignre)  endings  becomes  « 
fixed  habit  long  before  larger  ones  could  be  of  any  real  use. 
The  only  known  exception  occurs  where  the  given  power  ends 
with  5;  iu  this  case  there  is  an  unusually  large  number  of 
possible  roots,  and  in  .seeking  for  some  way  of  choosing  be- 
tween them,  some  of  the  calculators  (Bidder,  for  example) 
noted  what  2-figurc  roots  corresponded  to  the  various  3-figure 
endings  for  multiples  of  5.  It  is  obvious,  however,  that  the 
use  of  3-figure  endings  in  this  exceptional  case  would  not  war- 
rant the  inference  that  they  were  used  in  any  other  case;  and 
Bidder's  tebtimooy  shows  clearly  that  he,  at  any  rate,  made 
no  further  use  of  them. 


'In  one  ibeaM,  however,  tbese  endiuKS  may  b«  reftanlol  m»  the  prop- 
ertie*  or  faactiou*  of  Duuibers  aualoKoas  to  loKariLhms.  and  prerious- 
ty  nnknown  to  matbematiciana,  which  •ome  writer*  taggeatc-'l  uiif^ht 
explain  Colbnro'a  rapidity  ia  calcnlation,  eapeciallj  io  evolotion  aud 
factoftDg.    (I^il.  Mag.,''Sl„  1811,  p.  135;  AnaUetic  Mug..  I,  1813, 

p.  198.) 
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Many  simple  algebraic  probtans  were  solved  mentally  by  the 
different  calculators.  Tho^e  who  had  a  general  mathematical 
training;  of  some  sort — Ferrol,  Safford,  and  Gauss,  for  exam- 
ple— doubtless  solved  these  problems  by  algebraic  methods. 
Many  of  the  others,  however,  depended  on  lumple  trial,  or  on 
little  triclcs  which  are  readily  discovered  for  certain  classes  of 
problems,  and  need  not  be  dweltou  here.  It  is  safest  to  assume 
that  the  method  was  one  of  simple  trial  in  all  cases  where  there 
is  not  definite  evidence  to  the  contrary. 

Bidder's  method  of  solving  foinpouHti  t'n/frfst  problems  has 
already  been  described.  In  this  particular  branch  he  seems 
never  to  have  had  a  rival. 

ArUhmetical  Ass(Kialion.  Under  this  caption  Scripture,'  in 
part  following  De  Morgan  and  others,  has  given  an  acxoiint  of 
some  of  the  ways  in  which  the  psychological  processes  of  men- 
tal calculation  can  be  shortened.  He  points  out,  in  particular, 
that  with  practice  the  oiental  calculator  can  easily  train  him- 
self to  omit  Uftcless  words,  and  think  only  of  the  numbers  con- 
cerned; thus  instead  of  saying.  "3  and  4  are  7,"  "3  times  7 
arc  2t,  put  down  i  and  carry  2,"  and  the  like,  he  can  learn  to 
say  simply,  "3,  4,  7,"  "3,  7,  2t,  i,  2."  etc,  As  De  Morgan 
expresses  it,'  "Don't  say  'carry  3,'  but  do  it."  It  is  evident, 
furthermore,  that  as  the  process  gradually  becomes  more  and 
more  familiar  and  automatic,  many  of  the  intermediate  steps 
of  the  computfltiou  may  partly  sink  into  the  background  of 
consciotisncss,  perhaps  even  disappearing  altogether  from  the 
field  of  attention;  tbus^  as  we  have  already  seen,  the  inierme- 
diate  links  in  Bidder's  2-&gure  multiplications  were  at  one  time 
so  completely  automatic  that  he  believed  they  were  altogether 
absent,  and  supposed  he  passessed  a  mnltiplication  table  ex- 
tending to  loox  100  or  even  beyond.  Moreover,  where  the 
given  numbers  arc  familiar,  only  part  of  a  number  may  be 
clearly  conscious,  even  when  the  whole  number  functions  in 
the  calculation.  Thus  in  tbe  present  writer's  case  the  ending 
of  a  number  may  for  many  purposes  completely  replace  the 
number  itself.  A  further  abbreviation  which  may  be  noted  is 
that,  in  tbe  case  of  an  auditory-  calculator,  any  chance  visual 
associations  which  may  be  present  in  the  early  stages  of  his 
calculations,  but  which  play  no  active  part  in  them,  may  grad- 
ually drop  out  as  his  skill  increases.  The  same  tbiug  may 
happen,  in  certaiu  cases,  with  tbe  associated  motor  tendencies, 
if  they  are  not  too  strong.     These  psychological  .short-cuts,  in 


'O*.  rt"/.,  p.  4»S. 

^Etement%  of  Ariihmetic.  London,  1856,  p.  164.  In  this  worli  (PP- 
i6i->)  wtU  be  fouiiO  >  very  clear  accooni  ol  tbe  nalnral  connting 
pracess,  with  toiae  of  its  modifications  and  short-cuts,  by  which  the 
''uataial"  mental  calculator  is  developed. 
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connection  witb  the  mathematical  short-cuts  to  which  we  have 
already  referred,  explain  the  great  rapidity  attained  by  some 
of  the  prodigies  in  their  mental  operations. 

A  certain  amount  of  caution  is  necessary,  however,  in  at- 
tributing these  various  short-cuts  to  individual  calculators, 
except  where  we  have  their  own  explicit  testimony  as  a  check. 
Binet  was  able  to  establish  that  Inaudi,  in  his  mental  multipli* 
cations,  made  little,  if  any,  use  of  these  short-cuts;  aod  simple 
repetition  of  the  unabbreviated  calculations  will  produce  a  con- 
siderable increase  of  speed  without  further  aid  in  the  way  of 
mathematical  or  even  psychological  shortcuts  of  the  sort  just 
described.  We  have  seen  how  little  ground  there  is  for  attribu- 
ting extensive  muItipltcalioQ  tables  to  most  of  the  prodigies; 
yet  some  writers  have  supposed  that  this  was  the  simplest,  if 
Dot  the  only,  explanation  of  the  speed  with  which  many  of  the 
prodigies  could  calculate.  In  theory,  there  is  no  definite  limit 
to  the  short-cuts  possible  in  mental  calcnlation,  and  it  is  evi- 
dent  that  in  the  case  of  such  a  man  as  Dase  a  good  many  of 
these  short-cuts  must  be  actually  realized  in  practice;  at  the 
same  time,  it  Ls  not  safe  to  attribute  any  pariiatiar  short-cut  to 
a  given  calculator  nnless  speciGc  evidence  is  at  hand  that  he 
actually  nsed  that  particular  method  and  not  some  other 
equally  rapid. 

Memory.  (<i)  Memory  versus  Calculaiion.  It  has  become 
customary,  in  the  literature  on  mathematical  prodigies,  to  dis- 
tinguish more  or  less  sharply  the  parts  played  by  memory  and 
by  calcnlation  proper  in  the  various  operations,  especially 
where  the  numbers  dealt  with  are  very  long.  Bidder  tells  us 
that  only  the  limiu  of  his  memory  would  stand  in  the  way  of 
performing  immense  calculations  in  an  incredibly  short  time. 
Buxton  was  excessively  stow  in  calculating,  but  had  such  a 
tenacious  memory  that  he  could  work  on  a  problem  for  weeks, 
and  50  solve  almost  any  problem,  long  or  short,  that  happened 
to  arouse  his  interest.  Dase,  according  to  this  view,  differed 
from  ordinary  mortals  mainly  in  the  possession  of  a  wouderful 
memory ;  but  as  far  as  the  calculation  proper  is  concerned,  we 
have  the  authority  of  Gauss  for  the  statement  that  Dase's  loo- 
figure  mental  multiplication,  which  required  8)^  hours,  could 
be  done  on  paper  in  perhaps  half  the  time,'  This  view  implies, 
then,  that  the  processes  of  the  calculator  in  a  very  long  mental 
multiplication  are  essentially  the  same  as  in  a  very  short  one, 
being  in  either  case  substautially  those  of  writteo  multiplica- 
tion; in  other  words  that  the  work,  computed  bit  by  bit  in. 
the  long  as  in  the  short  multiplication,  is  retained  in  the  mem- 
ory in  a  more  or  less  isolated  and  mechanical  fashion,  just  as 


*  Gauss-Sehnmscher  Briejweckset,  V,  p.  197. 
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on  paper  the  partial  products  are  &rst  computed  and  recorded, 
figure  by  figure,  and  then  added.  Practically,  then,  the  view 
is  a  sort  of  common-sense  faculty  psychology,  sevking  to  jus- 
tify itself  by  poiniing  to  the  difference  in  speed  between  mental 
and  written  multiplication. 

Now  it  cau  hardly  be  questioued  that  the  mathematical 
prodigy's  figure-memory  in  superior  Lo  the  ordtuary  man's. 
Dealing  constantly  with  figures,  the  mental  calculator  learns  to 
assimilate  thcra  readily.  A  20-fig«re  number,  which  for  most 
of  as  is  n  meaningless  string  of  figures  devoid  of  interest,  for 
him  "makes  senM,"  and  so  is  easy  to  learn,  just  as  a  page  of 
Freuch  is  more  easily  learned  by  a  Frenchman  than  by  a  for- 
eigner who  knows  little  or  nothing  of  the  language.  Heuce 
we  may  snfely  assume  that  the  calculator's  figure-memory  will 
ontstrip  his  powers  of  calculation ;  that  is  to  say,  by  the  time 
he  pan  mentally  multiply  two  6-figure  numbers,  let  us  say,  he 
will  have  little  or  no  trouble  in  remembering  almost  at  a  glance, 
or  after  a  single  hearing,  two  numbers  of  7  or  8  figures  each. 
This  is  on  the  supposition,  of  course,  that  he  has  never  prac- 
ticed remembering  long  numbers  merely  for  their  own  sake; 
we  must  here  distinguish  those  calculators.  like  Zaneboni,  who 
were  fond  of  committing  statistics  or  verj'  long  numbers  to 
memory  without  any  immediate  intention  of  using  these  num- 
bers in  uiental  calculations,  from  those  who  made  uo  effort  to 
develop  their  memory  for  figures  except  in  the  .service  of  cal- 
culation. 

The  question  is,  then :  Will  special  practice  in  memorizing 
nturibcTs,  apart  from  their  use  in  calculation,  extend  the  powers 
of  the  prodigy  in  calculation  proper?  In  other  words,  does  he 
use  the  same  malhematical  and  psychological  processes  in  a 
long  multiplication  as  in  a  short  one,  except  that  in  ihi-  former 
he  stops  every  now  and  then  to  deposit  some  of  his  partial  re- 
sults temporarily  in  his  memory,  later  returning  and  picking 
them  up  in  order  to  unite  them  into  a  final  result?  In  written 
arithmetic  we  compute  a  series  of  partial  results,  register  these 
results  00  paper  at  each  stage,  and  later  come  back  to  unite 
them,  by  a  separate  operation,  into  (he  total  product ;  is  this 
the  general  scheme  of  mental  multiplication  also? 

It  would  perhaps  be  unsafe  to  answer  this  question  dogmati- 
cally in  the  negative  ;  at  the  same  time,  we  should  have  to 
distinguish  as  an  "artificial"  calculator  any  one  who  proceeded 
in  this  way,  even  granting  that  it  has  ever  been  done,  which  is 
not  known  to  have  been  the  case  with  any  recorded  prodigy. 
We  have  already  seen  that  both  the  mathematical  and  the  psy- 
chological processes  involved  in  mental  multiplication  diff'er 
considerably  from  those  of  written  multiplication.  Moreover, 
the  two  have  quite  distinct  origins ;  mental  arithmetic  grows 
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naturally  and  independently  out  of  counting,  written  arithmetic 
out  of  more  or  less  arhitrair  rules  learned  from  teachers  and 
books.  Any  argument  based  on  the  methods  of  written  mul- 
tiplicatioo,  therefore,  or  on  the  difference  in  speed  between  the 
two  dissimilar  operations  of  mental  and  written  arithmetic, 
must  be  accepted  with  considerable  caution.  The  fact  that  on 
paper  the  computing  and  the  recording  are  two  distinct  opera- 
tions  docs  not  prove  that  in  mental  arithmetic  memory  and 
calculation  are  two  separate  faculties,  and  that  when  the  uum* 
bers  to  be  multiplied  are  very  long,  the  dif&culty  is  all  ou  the 
side  of  memory  and  not  at  all  on  the  side  of  calculation. 

Even  in  Buxton's  case,  where  the  discrepancy  between  mem- 
ory and  calculating  power  seems  as  clear  ns  anywhere,  we 
cannot  give  the  credit  to  memory,  as  opposed  to  calculation. 
Buxton's  calculatioDs,  to  be  sure,  whether  loug  or  short,  were 
excessively  slow;  but  so  was  bis  memory  {'m  the  sense  of 
power  of  acquisition  of  figures):  we  are  told  that  he  compre- 
hended even  (simple)  arithmetical  qnestions  "not  without 
difficulty  and  time."  '  Like  Bidder  and  many — perhaps  most 
— KJther  calculators,  he  began  work  at  the  left  of  the  numbers, 
adding  up  the  partial  products  as  he  went  along,  and  not  wait- 
ing until  all  were  obtained.  Moreover,  wc  have  seen  fairly 
good  reasons  for  supposing  that  he  worked  by  a  process  of 
modified  counting,  rather  than  by  multiplication  proper,  divid- 
ing the  work  into  stages  in  his  own  peculiar  way,  but  for 
the  most  part  keeping  in  mind  only  one  or  two  partial 
results,  and  using  them  in  calculaliou  as  soon  as  pcRisible. 
This  means,  huwcver,  that  his  procesees  in  a  long  multi- 
plication were  not  simply  the  same  as  in  a-figure  mul- 
tiplications, plus  a  tenacious  memory;  he  really  ca/ctt- 
latfd  with  the  large  uumbers,  and  in  dealing  with  them  doubt- 
less used  some  special  short-cuts,  though  far  fewer  than  most 
other  calculators.  In  short,  he  really  was,  in  his  way,  a  '  'great 
calcolaior,"  not  a  "little  calculator"  with  a  "big  memory." 
He  calculated  with  large  numbers  because  they  had  an  interest 
and  a  meaning  for  him  which  they  have  not  for  the  ordinary 
man.  ThediSereoce  t>etween  the  man  who  can  unravel  a  half- 
page  sentence  of  technical  German  and  the  one  who  can 
scarcely  understand  a  two- line  sentence  is  not  primarily  a  mat- 
ter of  memory,  hut  of  interest  and  meaning  :  and  the  same 
holds  good  of  the  calculator  who  handles  large  numbers,  as 
compared  with  the  one  who  does  not.  Zaneboni  had  an  unu- 
sual interest  iu  memorizing  figures  for  their  own  sake,  and 
Inaudi  had  a  highly  developed  fignre-memor>*,  yet  we  do  not 
read  that  these  men  made  a  specialty  of  long  multiplications; 


^Ceni.  Mag.,  XXIV,  1754,  p-  ajr. 
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their  figure- memory  as  such  and  their  figure- memory  as  sub- 
servient to  their  interest  in  calculation  were  quite  distinct.' 

We  cannot  agree  with  Binet,*  therefore,  that  mental  calcula- 
tion combines  the  two  distinct  and  independent  cIcmenLs  of 
memory  aud  calculation,  of  which  meuDor>'  is  really  dislinclive 
in  the  case  of  the  great  calculators,  the  one  characteristic  in 
virtue  of  which  they  are  tnitnitable  and  indefinitely  superior  to 
the  rest  of  mankind.  Inaudi,  to  be  sure,  was  inferior  to  the 
department- store  cashiers  on  short  multiplications,  because  be 
had  not  practiced  them  as  much  as  his  rivals  bad ;  but  his 
superiority  in  long  multiplications  is  equally  due  to  practice  in 
calculation,  not  to  superior  memory  as  such.  Some  of  his  cal- 
culations were  slower  than  those  of  a  good  computer  on  paper, 
others  were  faster;  but  the  mental  and  even  the  mathematical 
processes  are  so  different  in  the  two  cases  that  no  value  attaches 
to  the  comparison.  His  skill  iu  memorizing  long  numbers  was 
the  result  of  practice,  perhaps  iu  the  service  of  addition,  per- 
haps for  its  own  sake,  but  was  not  the  secret  of  his  calculation. 
That  he  remembered  the  200  or  300  numbers  used  in  one  of 
his  public  exhibitions  was  due  to  his  inleresf  in  the  figures,  on 
account  of  their  connection  with  his  calculations  ;  where  that 
interest  was  lacking,  be  could  remember  only  a  third  as  many 
figures  in  the  same  period  of  time.  And  how  little  connection 
bis  figure-memiiry  had  with  his  calculations  proper  is  shown 
by  the  fact  that  when  he  exceeded  the  range  of  his  practice  in 
calatlaiion,  and  passed  from  a  5-figure  to  a  6-figure  multiplica- 
tion, he  required  six  times  as  long, — 'a  result  inexplicable,  in  a 
man  who  could  retain  42  figures  on  a  single  hearing,  if  memory 
is  the  real  secret,  but  much  less  surprising  if  practice  in  calcu- 
lation is  the  important  thing.  In  short,  figure-memory  is  im- 
portant in  the  psychology  of  mental  calculation  only  in  so  far 
as  it  stands  in  the  service  of  caleulalion  and  intimately  bound  up 
with  it ;  to  make  a  sharp  distinction  between  the  two,  and  lay 
the  emphasis  on  memory  as  opposed  to  calculation,  is  to  be  led 
astray  by  a  distinction  of  common-sense  psychology  whose  use- 
fulness has  long  since  been  outgrown. 

(i)  Memory  type.  We  have  seen  that  up  to  1892,  when 
Inaudi  wat  shown  to  belong  to  the  auditory  tT,'pe,  it  was  gen- 
erally taken  for  granted  that  all  mathematical  prodigies  were 
visual.     Of  the   two  importaut  calculators  since  discovered. 


^In  the  ca»e  of  long  nddltjons,  eacli  aalnandl's  addltlonB  of  ai-fignre 
namljcrx,  thr  <li»tinctton  l)rtwctti  tncmory  ntiil  calcuUtiou  tiiHy  nt  fir«t 
seem  clesrer  tbuti  in  inultipltcatioti.  .\cttial1y.  bowevcr,  tbc  two  ar^, 
If  anything,  more  closely  connected  In  iiddilioD  tbati  in  multipHcAtion; 
(or  the  calcu  lotion  involved  in  so  simple  and  flntomiitic  thut  It  probnhly 
■Iwsys  begins  duiini;  tbe  procesa  of  mtmorixing  the  sccodU  nambcr. 

>£>/.  nV.,  p.  194. 
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Diamaodi  is  undoubtedly  visual,  and  Zauebooi  is  so  described 
by  the  authors  of  the  article  in  the  A'hn'sta  di  Freniatria,  though, 
as  we  shall  see,  his  case  is  somewhat  doubtful.  Up  to  the 
present  time,  then,  Inaudi  has  been  supposed  to  be  the  only 
Don-visual  calculator  on  record ;  uo  one  seems  to  have  raised 
the  question  whether  all  the  supposedly  visual  calculators  act- 
ually were  visual  and  not  auditory.  It  is  proposed  here  to  make 
an  attempt  to  answer  this  question  ;  and  while  it  will,  of  course, 
not  be  possible  in  all  cases  to  reach  perfectly  definite  conclu- 
sions, we  can  at  least  make  a  start  in  the  right  direction,  and 
put  the  whole  subject  on  a  more  satisfactory  and  critical  basis. 

First,  however,  il  will  be  necessary  to  define  our  terms.  It 
should  be  uuderstood  at  the  outset  that  no  absolute  line  can  be 
drawn  between  the  two  types.  In  ordinary  life  the  most  com- 
mon type  would  probably  be  the  "mixed"  type.  But  it  will 
be  impossible,  on  the  basts  of  the  available  data,  to  enter  upon 
this  question  of  the  general  memory  type  of  the  diflferent  calcu- 
lators. The  most  wc  can  hope  to  do  is  to  determine  to  which 
type  they  belonged  in  their  menial  eaUuiations;  and  while  it  is 
probable  that  this  will  usually  coincide  with  their  general  type, 
the  fact  can  by  no  means  be  taken  for  granted.  Fortunately, 
however,  it  is  much  easier  to  decide  in  a  narrow  field  than  to 
decide  the  general  questiotj :  and  la  calculation,  especially, 
there  are  a  number  of  fairly  definite  and  reliable  indications 
which  will  render  the  task  somewhat  easier  than  it  would  be  in 
many  other  fields. 

By  a  visual  calculator,  then,  wc  shall  mean  one  In  whose 
mental  calculations  visual  images  of  some  sort  play  an  essential 
part.  Auditory  elements  will  probably  always  be  present  be- 
sides, in  greater  or  less  degree ;  but  if  the  vi.snal  element.^  play 
an  essential  r61e,  we  may  call  the  calculator  visual,  since  any 
more  minute  clas.sificfttJon  would  be  impracticable  without  more 
detailed  information  than  we  possess  concerning  the  iudividual 
men.  The  visual  elements  may  take  various  forms.  The  cal- 
culator may  see  numbers  as  dot-patterns,  as  Proctor  did.  He 
may  have  a  nunilwr-form.  Or  he  may  sec  the  figures  of  his 
calculations  written  or  printed  before  him,  more  or  less  dis- 
tinctly, but  not  necessarily  in  complete  detail,  since  .short-cuts 
and  abbreviations  may  be  connected  with  visual  images  as  well 
as  with  any  others.  In  other  words,  the  visual  image  need 
not  be  a  photographic  reproduction  of  the  complete  written 
calculation;  if  it  is  essential,  in  however  scliematic  and  abbre- 
viated a  form,  its  presence  is  the  mark  of  a  visual  calculator. 

Inasmuch  as  written  figures  are  the  commonest  form  of  the 
visual  image, — Proctor  Is  the  only  calculator  known  to  have 
used  dots  in  bis  actual  calculations. — it  is  to  be  expected  that 
in  most  cases  the  visual  calculator's  methods  of  calculation  will 
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not  take  shape  until  af^er  he  has  learned  to  write  figures.  Since 
the  visual  image  is  simuHant^os,  while  the  auditory  imaKC  is 
successive,  it  will  be  easier  for  a  visual  than  for  an  auditory  cal* 
culator  to  reverse  his  image,  and  call  oEfa  number  backwards. 
Hence  the  ability  to  read  off  a  number  from  memory  either 
forwards  or  backwards  will  establish  a  presumption  in  favor  of 
visual  type.  Tliis  is  not  a  conclusive  indicatiou,  however. 
since  with  practice  an  auditory  calculator  also  could  learn  to 
reverse  his  numbers,  especially  where  they  were  short.  At  the 
same  time,  the  reversal  is  so  much  easier  for  a  visual  than  for 
an  auditory  image  that  it  must  be  considered  as  establishinj;  at 
least  a  presumption  in  favor  of  the  visual  type,  especially  when 
corroborated  by  other  indications.' 

We  may  call  a  calculator  auditory  (or  auditory -motor ) ,  on 
the  other  hand,  when  there  is  some  definite  reason  forbelieviug 
that  visual  images  do  not  play  an  essential  part  in  bis  mental 
calculation,  or  that  motor  tendencies  are  closely  associated  with 
it.  Visual  images  need  not  be  completely  absent,  especially 
in  the  early  years  of  a  precocious  calculator;  but  if  they  were 
present  at  the  start,  we  must  have  some  reason  for  believing 
that  they  became  unimportant  as  his  proficiency  increased. 
Similarly,  the  motor  tendencies  may.  with  practice,  partly  or 
wholly  drop  out;  but  in  this  case  they  will  tend  to  return  when 
new  and  unpracticed  facts  are  attempted.  In  consequence  of 
the  verbal  nature  of  the  counting  process  in  which  natural 
mental  arithmetic  begins,  it  is  hard  to  conceive  of  a  visual 
calculator  in  whose  operations  words  (and  hence  auditory 
images)  do  not  play  a  part  of  greater  or  less  importance ;  it  is 
much  easier,  ou  the  other  hand,  to  conceive  of  an  auditory  cal- 
culator in  whom  visual  elements  are  almost  wholly  absent, 
except  in  the  form  of  an  occasional  chance  by-play  of  associa- 
tions which  have  no  essential  function  in  the  calculation  proper. 
If  this  is  the  case,  however,  it  constitutes  a  presumption  that 
any  given  calculator  is  auditory  unless  evidence  exists  to  the 
contrary,  and  throws  the  burdeu  of  proof  upon  the  visual  side. 

The  most  definite  indications  of  auditory  type  are  as  follows: 
(i)  A  tendency  to  articulate  during  calculation,  especially  in 
relatively  unfamiliar  o{)cratJons ;  this  may  be  regarded  as 
practically  conclusive  evidence  of  auditory  (or  auditory-motor) 


^CurJouslr  eaongh.  liowever.  we  bsvc  oo  specific  record  ot  the  pc»< 
•eiuion  of  such  a  power  of  reveraing  numbers  by  either  Diamandi  or 
the  yottDK*;'"  Bidder,  the  only  two  calculator*  (or  whom  w«  have  per- 
fectl)^  il^hnlte  nnrl  uneqnirocal  evidence  of  viflaal  type;  though  it  ia 
pmrticMnj-  certain  that  Illamandi.  at  any  rale,  possessed  the  power  in 
some  ilcKrce,  lincc  after  learsinK  k  square  of  Sgares  b^  rows  from  left 
to  rlf;ht  he  coold,  wkh  Uttle  dlfficalty,  repeat  them  la  aacesding  or 
detceDding  colnmna. 
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type.  (3)  Tbe  absence  of  aoy  indication  of  visual  elemenis  in 
the  prodigy's  mental  calcolations.  This  argnment.  however, 
is  of  no  practical  weight  except  in  ca.-ic?i  where  we  have  a  tairly 
foil  account,  from  the  prodig>-  himself,  of  hi:4  methods  of  caica* 
lation.  Where  Ibis  is  the  case,  it  is  fairly  safe  to  assnme  that 
at  Least  some  of  the  various  indications  of  visual  t>'pe  will  be 
present  in  the  narrative  if  the  calculator  is  really  visual.  Col- 
bum  and  Bidder  are  the  only  men  who  have  left  ns  such  narra- 
tives,  and  in  neither  case  do  we  find  any  reference  to  visual 
processes:  heuce  a  strong  presumption  exists  that  both  these 
men  were  auditory.  (3)  General  resemblance  to  known  aodi- 
tor>'  calculators.  This  is  not  a  very  satisfncCor>'  indication,  in 
general,  unless  the  resemblance  is  close  in  several  important 
respects  ;  bat  in  certain  cases,  owing  to  the  meagreness  of  the 
sources  of  information,  it  is  almost  the  only  indication  we  ha\-e. 
It  is  more  reliable,  of  course,  if  it  covers  several  indications 
which,  though  perhaps  each  inconclusive  by  iL<;e1f,  may  ha\-c 
a  cumulative  weight. 

Let  us  now  examine  the  evidence  in  the  case  of  the  different 
individual  calculators,  in  each  group  talcing  those  cases  6rst 
where  there  is  least  room  for  di^rence  of  opiuiou. 

As  :^/jua/ calculators  we  may  name  at  once  the  younger  Bid- 
der and  Uiamaudi,  both  of  whom  possessed  number-forms  and 
tised  cross-multiplication;  the  younger  Bidder,  moreover,  made 
the  not  very  profound  observation  that  he  could  "conceive  no 
other  (non-visual)  way  possible  of  doing  mental  arithmetic." 
EHamandi  took  up  mental  calculation  aHer  leaving  school,  at 
the  age  of  16.  and  hence  after  learning  to  read  and  write ;  the 
same  is  probably  true  of  the  younger  Bidder,  though  inasmuch 
as  his  number-form  shows  the  influence  of  the  clock  in  the 
circular  arrangement  of  the  numbers  up  to  13,  he  may  possibly 
have  learned  numbers  visually  from  this  source  before  be 
learned  the  alphabet. 

Whether  Dose  was  of  the  visual  type  it  is  difBcult  to  say. 
He  may  have  learned  10  read  and  write  before  he  began  to  caX- 
culate,' though  this  is  not  certain;  he  could  repeat  numbers 
backwards  with  great  ease;  he  could  learn  a  number  of  X3 
figures  almost  at  a  glance  ;  and  bis  skill  iu  rapid  visual  count- 
ing was  remarkable.  All  these  indicalious  point  in  the  visual 
direction,  yet  they  are  by  no  means  as  satisfactory  as  the  proofe 
in  the  other  two  cases.  We  have  already  seen  that  Dase  stands 
in  a  class  by  himself,  snd  that  an  enormous  amount  of  practice 
is  presuppojied  by  bis  feats,  whatever  bis  memory  type :  it  is 


>He  ftttend«d  «chool  at  the  ige  of  2)i,  but  attrlbated  bis  skill  in  caI- 
culatioii  to  lat«r  practice  aud  udostzy  rather  tbaa  to  bis  early  school- 
log. 
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not  impossible,  therefore,  that  he  was  auditory,  since  with  suffi- 
cient practice  an  auditor>'  calculator  could  learn  to  reverse 
numbers  readily  and  to  count  objects  at  a  glance.  Robert 
Houdin  and  his  father,  we  know,  acquired  by  practice  a  con- 
siderable power  of  rapid  visual  counting.  Moreover,  it  does 
not  follow  that  a  man  who  by  practice  has  developed  a  power 
of  visualization  in  this  field  will  likewise  use  visual  images  in 
menial  arithmetic,  especially  since  the  precise  amount  of  visual- 
izing power  needed  for  Houdin's  feats  is  not  at  all  easy  to 
determine.  But  in  order  to  avoid  one-sidedness  we  may  give 
the  visual  theory  the  benefit  of  the  doubt,  and  call  Dase  a 
\'isual  calculator,  bearing  in  luind,  however,  that  the  evidence 
is  by  no  means  as  sati.sfactorj'  in  his  case  as  in  the  case  of 
Diamandi  or  the  younger  Bidder. 

The  case  of  Zan^boni  is  likewise  somewhat  doubtful.  He 
began  to  calculate  at  the  age  of  la,  after  learning  to  read  and 
write,  and  used  written  lists  in  some  of  his  memory  feats;  he 
also  seems  to  have  made  more  or  less  use  of  visual  images  in 
answering  questions  concerning  raihvny  distances  and  the  like. 
He  could  repeat  a  memorized  356-figiire  number  almost  as 
readily  backwards  as  forwards.  It  is  not  at  all  clear,  how- 
ever, to  just  what  eKtent  he  used  visual  images  in  bis  mental 
calculation  proper,  as  distinguished  from  figure-memory  proper; 
ami  in  the  experiments  of  Guicciardi  and  Ferrari  there  are 
some  indications  which  clearly  show  a  leaning  in  the  auditory- 
motor  direction.  If  we  were  discussing  his  memory-type  in 
general,  instead  of  his  type  simply  in  calculation,  we  should 
undoubtedly  be  safe  in  describing  him  as  "mixed";  but  the 
definitions  wc  have  adopted  of  the  terms  "visual  calculator" 
and  "auditory  calculator."  do  notadmitany  intermediate  type, 
since  wc  have  agreed  to  call  a  calculator  visual  if  visual  images 
play  any  essential  part  in  his  calculations.  A  detailed  exam- 
ination of  the  available  data  concerning  bis  type  as  a  calculator 
would  take  up  far  more  space  than  its  importance  would  war- 
rant, and  even  then  would  leave  n.s  in  doubt  just  where  to 
place  him.  It  seems  wisest,  therefore,  to  give  the  visual  theory 
once  more  the  benefit  of  the  doubt,  and  call  Zaneboni  a  visual 
calculator,  despite  the  iucoiiclusjveuess  of  the  existing  evidence. 
We  find  so  far,  then,  four  visual  prodigies, — the  younger  Bid- 
der. Diamandi,  Dase.  and  Zaneboni. — of  whom  only  the  first 
two,  however,  are  above  suspicion.' 

As  auditory  calculators  we  may  name  at  once  Inaudi,  Ferrol. 
who  in  ordinary  life  was  an  abnormally  poor  visualizer,  Saf* 

1  The  name  of  Proctor  bs*  beenoniilteH  froni  thU  list,  owing  to  the 
KbseDce  of  information  concerning  the  extent  of  his  calculating  power; 
there  is  no  ilntibt,  howevrr,  thnt  hia  calculktions,  as  far  as  tbcy  went, 
were  visual  in  the  seose  already  dcGsed. 


HATHBMATICAL  PRODIGIBS, 


123 


ford,  who  talked  to  himself  when  originating  new  mles.  and 
the  present  writer.  The  canes  of  certain  other  calcniators  who 
were  almost  certainly  auditory  require  some  discnssion,  since 
at  first  sight  the  evidence  appears  to  be  conflicting. 

That  Bidder  was  of  auditory  type  is  shown  by  the  following 
considerations,  (i)  He  learned  to  count  and  calculate  before 
learning  to  read  nnd  write,  and  constantly  emphasizes  the  im- 
portance of  this  fact  in  his  lecture  before  the  Institution  of 
Civil  Kngineers.  Af^er  learoiog  to  count,  he  taught  himself 
the  multiplication  table  to  to  x  to  by  means  of  rectangles  of 
shot;  but  be  expressly  speaks  of  counting^  the  shot  after  thus 
arranging  them,  not  of  seeing  a  picture  of  them,  or  of  grouping 
them  in  visual  patterns.  Again,  when  he  recommends  this 
method  of  teaching  mental  arithmetic,*  he  lays  sires*  on  ar- 
ranging the  actual  objects  and  then  counting  them,  not  on 
seeing  such  vivid  mental  pictures  as  would  render  the  presence 
of  the  actual  objects  superfluous.  Hence  we  are  warranted  in 
assuming  that  if  Bidder  had  visual  images  of  his  shot  and 
marbles  at  first,  they  played  no  part  in  his  actual  mechanism 
of  mental  calculation,  and  later  dropped  out.  If  thi»  is  the 
case,  then  the  use  of  pebbles  and  the  like  in  childhood  is  not, 
as  it  would  at  first  seem,  a  proof  of  visual  type. 

(2)  Bidder's  reiterated  emphasis  on  the  teachablfmss  of 
mental  arithmetic,  by  his  methods,  to  any  person  of  average 
ability,'  is  itself  a  fairly  good  indication  of  bis  auditorj-  type. 
Any  one  can  leam  to  count  in  auditon.'  terras,  but  not  every  one 
can  leam  to  visualize  numbers,  to  "liave  a  good  imagination" 
for  tbeiu.  If  visual  aids  played  any  essential  part  in  his  mental 
calculations,  then,  we  should  expect  him  to  stipulate  that  the 
mental  arithmetidan  must  possess  a  certain  minimum  of  im- 
agination. Bidder's  sou,  it  will  be  remembered,  who  was  of 
strongly  visual  cast,  could  "conceive  no  other  way  possible  of 
doing  mental  arithmetic."  The  elder  Bidder,  on  the  otfaer 
hand,  can  discover  in  himself*  "no  particular  turn  of  mind, 
beyond  a  predilection  for  figures,  which  many  possess  almost 
in  an  equal  degree  with  myself." 

(3}  There  is  a  notable  absence  of  visual  metaphors  in  Bid- 
der's descriptions  of  his  calculating  operations,  and  a  strong 
insistence  on  the  successive  character  of  the  processes  involved; 
whereas  a  visual  calculator,  in  an  account  so  foil  and  clear  as 
Bidder's,  could  hardly  have  avoided  at  least  a  few  visual  com- 
psrisons,  and  would  not  have  laid  stress  on  the  serial,  one- 
thing-at-a-time  character  of  the  processes.     Bidder  speaks*  of 

•/Vw.  Iml.  C.  E..  XV.  p.  258. 

*/bid..p.  378. 

*Fra£.  Iml.  C.  E.,  XV,  pp.  251,  253.  256,  a6i,  »78. 


•/Mrf.,  p.  asi- 


^Proe.  Inst.  C.  £.,  XV,  p,  354. 
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"registeriag"  the  numbers  in  his  memory,  aot  of  seeing  tbem; 
in  mental  calctilation  "every  mental  procei^must  Ih;  ftnalogims 
to  that  which  is  indicated  in  working  out  algebraical  formulae." 
and.  "no  one  step  can  be  omitted."  In  reading;  the  page  of  a 
book,  "every  letter  of  that  page  passes  in  review  through  the 
mind";  note  the  abstractness  of  thephra:se  here,  where  a  visual 
figure  would  be  almost  inevitable  for  a  man  of  visual  type- 
Ideas  of  numbers  are  best  impressed  on  the  raind'  "without 
any  reference  to  symbols";  written  Bgtires  are*  "unmeaning 
symbols."  As  soon  as  we  attempt  to  go  beyond  ^-figure  mul- 
tiplications to  those  of  4  Ggures,  "another  idea  must  be  seized 
by  the  mind",  namely,  the  idea  (word)  "thousands,"  and 
"this  increases  the  strain  on  the  registering  powers  of  the 
mind."*  In  multiplication,  one  fact  and  only  one  is  to  be  kept 
in  mind  at  ench  stage,*  Bidder  would^  "despair  of  any  great 
success  in  the  pupil's  progress  in  the  science  of  arithmetic  if  he 
did  not  commence  before  he  knew  anything  of  symbols,  and  if 
his  first  conception  of  numbers  was  not  derived  from  their  real 
tangible  quantily  and  significance."  Here,  as  frequently 
throughout  the  paper,  the  written  symbols  (visual  and  simal- 
taneous)  arc  contrasted  with  the  "significance"  of  the  num- 
bers, i.  e.,  their  place  in  the  (successi\-e  and  auditory)  series 
of  numbers  used  in  counting. 

In  the  one  place  (p.  355)  where  Bidder  does  use  a  visual 
comparison,  it  is  the  hackneyed  one  of  a  flash  of  lightning — an 
expression  which  has  passed  so  completely  into  tlie  every-day 
■vocabulary  that  its  original  figurative  force  is  seldom  distinctly 
realized  by  those  who  use  it.  Bidder  employs  the  phrase  sim- 
ply to  show  the  rapidity  aud  clearness  with  which  needed 
numerical  ideas  come  into  his  mind;  this  no  more  indicates 
visual  type  (where  the  cottnter- evidence  is  so  strong)  than  the 
familiar  phrase  "like  a  flash"  proves  that  things  "understood" 
in  that  way  are  "seen"  in  visual  terras.  In  fact,  the  verb 
'  'sec' '  aud  the  commoner  stereotyped  visual  metaphors 
("clear."  "like  a  flash,"  etc.)  are  so  firmly  established  as 
synonyms  for  "understand,"  etc.,  that,  unless  corroborated  by 
more  definite  evidence,  they  prove  nothing  at  all  concerning 
the  memory  t>-pe  of  any  one  who  uses  tbem. 


i/Airf.,  p.  a6i. 

V*iV.,  p.  j6i. 

■yVec.  /jiJ/.  C.  E..  XV.  p.  afia.  Inaudi,  Hlce  Bidder  an  ■adUory  iM- 
culator,  slwxrskrepisiii  mmd  t be  n Antes  (thoasantls,  millions,  billions, 
etc.)  of  the  different  periodt  of  Dunibers,  whereas  «  visual  calculator 
wonld  be  mnrh  more  likely  to  depend  simply  on  hia  visual  memoTy 
of  ponkion,  an<l  drop  out  the  names  of  tbc  periods  as  nselcas,  like  the 
words  "put  down  3  and  carry  a,"  etc. 

*/6id.,  pp.  3te,  363. 

*Ibid.,  p.  979- 
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There  cao  be  little  or  no  doubt,  then,  that  Bidder  was  an 
auditory  calculator.  Scripture's  sole  evidence'  of  visual  type 
in  Bidder's  case  consists  in  wrongly  attributing  to  him  the 
yonnger  Bidder's  remark  about  the  only  conceivable  way  of 
doing  mental  arithmeiic.  The  only  other  apparent  evidence 
that  Bidder  was  a  visual  culculator  is  the  fact  that  be  had  good 
powers  of  visualizing  diagrams  aud  the  like.*  But  we  are  not 
trying  to  determine  Bidder's  memory  type  in  general,  but  only 
his  type  as  a  calculator;  and  the  cvidtncc  in  the  latter  field  is 
practically  conclusive  in  favor  of  auditory  type.  If  we  knew 
absolutely  nothing  else  about  Bidder's  memory  Type  in  general 
except  that  he  was  a  good  visualixer  of  diagrams,  that  fact  might 
establish  a  very  slight  presumption  in  favor  of  visual  type  even 
as  a  calculator:  but  in  the  presence  of  more  definite  evidence 
the  fact  is  quite  irrelevant  here,  except  in  so  iar  as  it  shows  that 
he  was  not,  like  Ferrol,  of  extreme  non-visual  tj^je  outside  of 
calculation. 

What,  now,  of  Colburn'i  memory  type?  In  Gall's  account' 
we  arc  told  that  "in  calculatinus  at  all  complicated,  be  [Col- 
burn]  is  often  heard  to  multiply,  add.  or  subtract,  aloud,  and 
with  incredible  rapidity."  In  the  fitiiosophieai  Magazine} 
too.  we  find  a  reference  to  the  "motion  of  his  lips  while  calcu- 
lating," and  this  we  may  take  as  practically  conclusive 
evidence  of  auditory  (auditory-motor)  type.  A.s  corrobora- 
tive evidence  we  may  point  to  the  close  resemblance  of  the 
three  calculators  Bidder.  Safford  and  Colburn.  all  of  whom 
learned  to  calculate  before  learning  to  read  and  write,  and 
showed  a  marked  preference  for  a  class  of  problems  (evolution 
and  factoring)  not  cultivated  to  an  equal  extent  by  any  other 
recorded  calculator.  All  of  them  began  multiplication  at  the 
left,  and  in  general  had  the  same  methods  of  calculation.  Two 
of  them,  Bidder  and  Safford,  we  have  already  fonnd  to  be 
auditor^-,  and  in  Colbnrn's  case  the  reference  to  the  motion  of 
his  lips  is  strongly  in  favor  of  the  auditory  theory.  Moreover, 
we  find  in  him  the  same  nervous  contortions  which  are  recorded 
iu  the  ca%  of  Safiord,  and,  to  a  less  extent,  of  Inaudi,*  both 
auditory  (-motor)  calculators. 

In  Colbnrn's  case,  as  in  Bidder's,  there  is  one  piece  of  appar- 
ent evidence  of  visual  type.  We  read  in  Gall's  account*  that 
Colburn   "was  asked  bow  he  made  his  calculations.     He  an- 


'  Op.  at.,  p,  57-  •  op.  eii.,  V,  p.  85. 

^^€c/ator.  LI,  1878.  y-  "^34-  *  Vol.  XL.  iSia,  p.  i». 

*BiDet  Myfi  of  loHudi  (ep.  cil.,p.  yi).  "Pendant  lea  c&lcul*,  il  Jajt 
different*  ge4tc8,  tica  sons  importance  et  dn  reste  tr^  vaxlkblc*." 

'■Op.  cit..  V.  p.  87.  quotiDg  from  Hffd.  amd  Phil.Jl.  and  Kev.,  iSii; 
Scriptarc,  quotiug  the  rcnitrk.  gives  the  rafcreace  as  p.  a>  of  ihat 
journal. 
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swered,  that  he  saw  them  clearly  before  him."  But,  as  we  have 
already  seen,  the  use  of  tht  words  "see"  and  "clearly"  is  not 
a  satisfactory  proof  of  visual  type,  especially  when  strong  and 
definite  evidence  points  the  other  way.  If  Colburn  had  de- 
pended on  Proctor's  dot-patterns,  that  fact  ought  to  be  evident 
from  his  account  of  his  methods  in  the  Memoir,  whereas  we 
6nd  there  no  reference  to  visnal  images,  That  Colbum  saw 
written  figures  is  hardly  probable,  since  it  was  only  in  I^ondon, 
when  almost  at  the  height  of  his  calculating  power,  that  he 
learned  to  read  aud  write.  Furthermore,  wheu  the  i8 1 1  article 
was  written  on  which  Gall's  account  '\%  based,  Colburn  was 
only  6  years  old,  and  hence  would  naturally  use  concrete  lan- 
guage (visual  metaphors)  rather  than  abstract  language,* 
whatever  his  memory  type.  In  the  light  of  all  the  available 
evidence,  therefore,  it  seems  safe  to  call  Colbum  an  auditory 
calculator,  though  it  is  of  course  ju&t  possible  that  at  first  he 
had  visual  associations  also,  which  later  may  have  disappeared 
more  or  less  completely  from  his  calculations. 

T^l  lis  next  con.sider  the  case  of  Buxton.  His  ability  to  re- 
peat numbers  either  forwards  or  baclcwards  establishes  a  slight 
presumption,  as  we  have  seen,  in  favor  of  visual  type.  On 
the  other  hand,  there  is  no  lack  of  presumptive  auditor>-  indi- 
cations aud  points  of  resemblauce  to  auditory  calculators. 
Buxton  uot  only  learned  to  count  before  learning  to  read  and 
write;  he  never  learned  to  read  and  write  at  all.  He  not  only, 
like  Inaudi.  retained  the  names  of  the  different  periods  (thou- 
sands, millions,  etc.)  in  thinking  of  numbers,  but  invented 
peculiar  uames  of  his  own  for  the  earlier  periods  of  very  large 
numbers.  Like  Inaudi,  again,  he  began  calculating  by  "nam- 
ing the  several  figures  distinctly  one  after  another,  in  order  to 
assure  him-self  of  the  several  dimensions  [the  problem  was  in 
mensuratiou,]  and  Qx  them  in  his  miud."*  Like  Bidder, 
Colbum,  Inaudi  and  SaSbrd,  be  began  at  the  left  in  multipli- 
cation; whereas  the  two  unmistakably  visual  calculators. 
Diamandi  and  the  yonnger  Bidder,  are  known  to  have  used 
cross-multiplication.  He  retained  a  marked  fondness  for  that 
counting  in  the  simple  scries  of  natural  numbers  with  which 
the  auditory  calculator  always  begins;  at  the  theatre,  for  in- 
tstauce,  he  counted  the  exits  and  entrances  of  the  different 
characters,  the  words  spoken  by  each,  the  number  of  steps 

lAsaume  for  the  moment  tbst  a  child  of  6  ia  an  sbeolutely  noa-Tisnal 
calculator,  aud  is  aaked  to  describe  his  metbods;  wbat  lansaase  hat 
he  at  command  bui  the  visual  metaphor  of  "seeing  clearly"?  He  does 
not  yet  tltstin^uisli  vrorda  from  thoughts,  hence  cannot  say,  as  a  grown 
man  wiahl,  that  he  "hears"  his  calculations,  or  "ipeaks"  them  men* 
tally.  The  psychology  of  a  youne  child,  like  popntar  psychology  In 
general,  ineTitably  tend*  to  expluD  ererytbing  in  Tisual  terms. 

*Gent.  Mag.,  1751,  p.  61. 
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taken  ill  the  dance,  and  the  like.  His  mental  record  of  all  the 
free  beer  be  had  had  from  the  age  of  12  must  have  been  at  leaal 
partly  io  verbal  (auditory)  terms.  His  skill  in  estlmatiag 
areas  by  pacing  them  does  not  indicate  any  visualizing  ability, 
bnt  rather  a  step  of  uniform  and  known  length  ami  an  ability 
to  count  and  calculate.  Like  Inaudi  and  a  few  other  calcula- 
tors, none  of  them  known  to  be  visual,  he  could  carry  on  a 
conversation  while  computing.  And  when  a  new  style  of 
problem  (cube  root)  was  proposed  to  him,  he  was  heard  to 
mutter  to  himself,  after  puzzliug  over  it  for  some  time,  that  lie 
would  master  it  yet.' 

The  vast  extent  of  some  of  Buxton's  calculations,  to  be  sure, 
suggests  Dase,  the  only  other  calculator  known  to  have  gone 
beyond  i5-figure  multiplications  ;  but,  even  granting  that  Dase 
was  a  visual  calculator,  the  value  of  this  analogy  is  destroyed. 
by  the  fact  that  whereas  Buxton  required  two  months  and  a 
half  for  a  3g-figure  multiplication,  Dase  performed  a  40- figure 
multiplication  in  40  minutes.  And  of  course  if  Buxton  had 
possessed  auytfaiug  like  Dase's  power  of  instantaneous  visual 
counting,  such  trivial  occupations  as  conoting  words  and  steps 
could  scarcely  have  retained  any  interest  for  him.  On  the 
whole,  then, — since  the  ability  to  rejieat  numbers  backwards  is 
the  only  indication  of  possible  visual  type,  and  since  we  can 
easily  explain  that  ability,  In  a  man  whose  mental  processes 
were  all  so  slow,  by  supposing  that  he  became  interested  in  re- 
versing numbers  and  practiced  the  feat  with  his  usual  perse- 
verance,— it  seems  faiily  safe  to  call  Buxton  an  auditory  rather 
than  a  visual  calculator. 

The  remaining  calculators  may  be  dismissed  somewhat  more 
briefly,  since  in  the  absence  of  more  definite  information  than 
we  have  it  is  only  possible  to  indicate  probabilities  as  estab- 
lished by  comparison  with  better  known  prodigies.  FuUer  so 
closely  resembles  Buxton  that  if  we  call  the  one  auditory,  we 
may  assume  that  the  other  was  likewise.  J/{md!fax  has  various 
points  of  resemblance  with  Inaudi  on  the  one  hand,  and  with 
Bidder  on  the  other,  both  of  whom  we  have  found  to  be  audi- 
tory, hence  Moudeux  also  maybe  placed  in  this  class.  Ampire, 
like  Mondeux  and  Bidder,  used  pebbles  in  his  early  calcula- 
tions, an  indication  which  we  have  found  to  be  no  disproof  of 
auditory  type  ;  like  them,  again,  he  learned  to  count  at  an 
early  age, — earlier,  in  fact,  than  either  of  them, — before  learn- 
ing to  read  and  write.  A  presumption  therefore  exists  that 
he,  too,  was  auditory.  Gauss  began  earliest  of  all.  before  he 
was  quite  3,  if  we  accept  his  own  account,  as  it  seems  safe  to 

>  Gent.  Mag.,  iji^,  p.  537.  The  exact  wording  of  the  passage  i*. 
"Rfter  some  time,  he  said  to  hitnaelf  there  were  nooks  tn  it  [tbe 
problem],  i>ut  He  would  sift  them  aiout." 
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do  in  the  case  of  a  man  of  his  scientific  eminence,  who  had  so 
little  need  to  exaggerate  bis  own  ability;  moreo^'er,  the  fact 
that  at  the  g>-Dinasiuni  he  mastered  the  classical  languages 
"with  incredible  rapidity"  suggests  a«ditor>*  rather  than  visual 
characteristics.  Concerning  the  minor  prodigies  it  would 
hardly  he  safe  to  speculate;  we  have  heen.  however,  that  many 
of  them  learned  counting  before  reading  and  writing,  and  this 
establishes  in  these  cases  a  slight  presumption  of  auditory  type. 

These  conclusions,  it  will  be  seen,  involve  a  radical  departure 
from  the  current  views.  Scripture  names  three  calculators — 
Buxtou,  Colburu,  and  Bidder — as  using  visual  images;  and 
while  he  admits  the  absence  of  specific  information  in  the  case 
of  other  calculators,  he  thinks  it  safe  to  assume  that  losual 
images  played  a  considerable  part  in  all  eases.  We  have  seen, 
however,  that  the  evidence  in  each  of  the  three  cases  named  is 
either  baaed  on  a  misconception,  or  counterbalanced  by  strooger 
evidence  of  auditory  type.  On  the  other  hand,  two  of  the 
prodigies  in  Scripture's  list,  Dasc  and  the  younger  Bidder  (who 
obviously  should  have  been  named,  since  be  and  not  his  father 
was  responsible  for  the  remark  quoted  by  Scripture),  show 
some  evidence  of  visual  type,  and  of  the  three  others — Inatidi, 
Diamaodi,  and  Zaneboni — since  described,  Diamandi  is  unmis- 
takably visual,  while  Zaneboni  is  rather  doubtful.  Apart  from 
these  four  men.  we  find  in  almost  every  case  not  only  no  evi- 
dence supporting  the  visual  theory,  but  at  least  some  evidence, 
of  more  or  less  weight,  favoring  the  auditory  theory.  In  other 
words,  if  the  conclusions  here  reached  are  sound,  mental  calcu- 
lation is  primarily  an  auditory  operation,  a  matter  of  verbal 
usociations.  and  in  the  majority  of  cases  uo  appreciable  aid  is 
rendered  by  visual  associations.  In  fact,  while  it  would  per- 
haps be  going  too  far  to  say  that  the  "natural"  calculator  is 
always  the  auditory  calculator,  and  that  the  visual  calculator, 
just  in  so  far  as  he  is  visual,  is  an  "artificial"  calculator,  such 
a  statement  would  be  very  ranch  nearer  the  tnith  than  the  cur- 
rent view  that  mental  calculation  is  primarily  a  visual  operation.' 

In  case  this  view  seems  unduly  radical,  however,  it  mtist  be 
remembered,  in  the  first  place,  that  we  are  dealing  only  with 
mental  calculation  as  such,  leaving  quite  open  the  qnestion  of 
general  memory  type;  and  in  the  second  place,  that  we  have 

■  Dianiaadi,  tre  bave  fteen,  learuetl  mental  calcalatioa  only  after 
leaving  school,  aud  used  cross- multi plication,  which  is  not  a  "natu- 
ral" mcthix].  The  yonogcr  Birldcr  used  croas-multiplication  and  a 
nnctiiDiiic  KyBtem,  and  may  have  had  do  "natural"  gift  for  mental 
calculation  at  al),  but  aimply  have  tou^ht  himself  by  deliberate  prae> 
tke.  in  iniitatioD  of  hi»  (Ht)ier,  or  by  biit  f«thrr'«  siigKcstiou  or  ({"kl- 
aoce.  The  cases  of  Dasc  and  Zaneboni.  cannot  ptolitaF^ly  be  diacnesed 
from  this  poiat  of  view  In  the  absence  of  fuller  information  than  we 
poMeaa. 
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adopted  a  very  narrow  definitioa  of  the  two  types.  By  calling 
B  calcnIaLor  aaditury  wt:  do  not  imply  ttiat  visual  images  are 
by  any  means  vhoUy  absent  from  fats  mind  during  calculation, 
but  only  that  they  are  not  uniformly  present,  and  that  iheir 
abseuce  is  not  an  embarrassment,  or  their  presence  a  materia] 
aid,  to  the  calculator.  Probably  in  most  czsks  what  wc  have 
called  chance  visual  associations  will  enter  in  to  a  greater  or  less 
extent,  especially  where  the  numbers  are  presented  to  the  cal- 
culator in  written  or  printed  form.  And  it  may  conceivably 
happen  that  a  man  who  is.  in  general,  predominantly  visual 
may  be  auditory,  in  this  scn.sc,  as  a  calculator.  Yet  after  all 
qualifications  have  been  made,  the  fact  remains  that  mental  cal- 
culation, a£  we  have  been  again  and  again,  naturally  takes  its  rise 
from  counting,  which  is  essentially  a  verbal  process.  However 
widely  the  extent  and  relative  weight  of  visual  and  auditory  ele- 
ments may  vary,  it  can  hardly  conceivably  happen, — certainly 
does  not  happen  in  any  known  case. — chat  the  verbal  elements 
play  no  part  whatever  in  the  calculatiug  process ;  whereas  the 
function  of  the  visual  elcmcuts  may  well  be  reduced  practically 
to  the  vanishing  point.  And  the  sooner  we  get  rid  of  the  old 
idea  that  mental  calculation  is  in  essence  the  same  as  written 
calculation,  but  with  a  mental  instead  of  a  written  tablet,  on 
which  the  faculties  of  memory  and  imagination  inscribe  the 
figures  of  the  written  calculation  in  perfect  order  and  complete 
detail,  the  sooner  we  shall  begin  to  understand  the  psychology 
of  mental  calculation. 

Summary.  The  results  of  our  study  of  the  mathematical 
prodigies  may  be  summarized  as  follows : 

( 1 )  In  Part  I  is  presented  a  fairly  complete  list  of  the  more 
important  prodigies  on  record,  with  those  data  in  each  case 
which  shed  most  light  on  the  nature  and  development  of  the 
calculating  power.  An  effort  is  also  made  to  correct  several 
errors  which  have  crept  into  the  literature,  and  to  bring  ont  a 
few  points  whose  significance  has  been  overlooked;  so  that  tlie 
pre>ent  account,  it  is  hoped,  will  be  found  reasonably  complete 
and  reliable.  In  particular,  the  case  of  Zerah  Colbum  has  been 
entered  into  in  some  detail ;  this  man  has  certainly  received  leas 
than  his  due  from  both  Scripture  and  Binet. 

(2)  In  Part  II  is  deKrtbcd  a  new  case,  that  of  the  present 
writer.  The  calculating  power  is  in  this  case  very  slight,  and 
in  itself  unimportant.  It  has  been  described  at  some  length, 
Howe\'er.  to  bring  out  the  naturalness  of  the  "precocity"  in- 
volved, the  gradualness  of  the  development  of  the  calculating 
power,  the  important  part  played  by  counting, — first  in  the 
series  of  natural  numbers,  and  later  in  the  series  of  multiples 
and  powers  of  various  numbers, — the  general  character  of  the 
numerical  properties  brought  to  light  in  this  way, — ^properties 
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which  awaken  the  interest  of  the  calculator,  furnish  the  motive 
for  continued  practice,  and  shorten  the  labor  of  calculation, 
rendering  the  whole  process  self-suflScieot  and  independent  of 
outside  aid, — and,  to  nome  extent,  the  nature  of  the  psycho- 
logical and  mathematical  processes  and  short-cnts  used  in  this 
particular  case.  The  part  played  hy  "2-figure  endings"  has 
been  entered  into  in  some  detail,  as  shedding  light  on  a  class 
of  problems — evolution  and  factoring — which  have  often  puz- 
zled students  of  the  subject,  owing  to  the  surprising  rapidity 
with  which  some  of  the  prodigies  have  solved  them.  In  none  of 
these  respects  is  the  material  here  presented  wholly  new.  Most 
of  it,  perhaps,  could  be  deduced  frum  a  careful  study  of  Bid- 
der's ca.se.  At  the  same  time,  it  remains  true  that  the  signifi- 
cance of  these  facts  has  not  been  fully  brought  out  by  previous 
investigators;  hence  it  has  seemed  worth  while  to  dwell  on 
them  here  at  greater  length  than  would  otherwise  be  necessary. 

(3)  The  data  thus  collected  have  been  .studied  in  Part  III, 
and  conclusions  drawn  under  several  heads.  Attention  has  m 
the  main  been  con6ncd  to  the  "nalUTal"  calculators  who  de- 
velop spontaneously,  at  least  in  the  first  instance,  without  ex- 
ternal aid  from  books  aud  tenchers;  as  distinguished  from  the 
"ailificial"  calculators  who  use  external  aids  from  the  start. 
Huber's  blind  Swiss  is  perhaps  the  only  "artificial"  calculator 
here  considered ;  bnt  the  distinction  mu5;t  not  be  too  sharply 
drawn,  since  srt'cral  of  the  others  have  made  use  of  "artificial" 
methods,  such  as  mnemonic  systems.  A  calculator  may  begin 
in  the  "natural"  way,  but  later  make  use  of  "artificial"  meth- 
ods besides,  in  order  to  extend  his  calculations  further,  as 
Gauss  did  in  his  use  of  logarithms;  if  the  younger  Bidder  had 
any  "natural"  gift  to  start  with,— a  question  we  must  here 
leave  open, — be  belongs  to  the  same  class  with  Gauss  in  this 
respect.  In  general,  it  is  obvious  that  skill  in  calculation  at- 
tained by  using  these  "artificial"  methods,  either  from  the  start 
or  at  a  later  stage,  constitutes  no  special  problem  for  the  psy- 
chology of  mathematical  precocity,  belonging  rnther  to  the 
psychology  of  deliberately  practiced  operations  in  general,  and 
hence  need  not  be  discu.ssed  in  such  a  study  as  the  present. 

lulotheque-Htiouof  Arrn/Z/i'  in  mental  calculation  we  have  not 
attempted  to  enter,  not  only  because  of  the  scarcity  and  uncer- 
tainty of  the  data,  bnt  because  such  general  terms  as  heredity 
and  environment  do  not  carry  us  far  in  the  stndy  of  any  special 
function  like  mental  calculation. 

Prtcocity  in  calculation,  we  have  found,  is  natural  and  noT' 
nial;  not  only  is  the  popular  amazement  over  it  grouudless, 
but  there  is  no  need  even  to  regard  it  as  "remarkable." 
Owing  to  the  origin  of  mental  calculation  in  ordinary  counting, 
and  the  complete  independence  and  self-sufficiency  of  mental 
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uHtfametic,  mere  mathematical  precocity  iatls  in  a  difFereDt  class 
from  musical  precocity,  snd  still  more  from  the  all-rotind  pre- 
cocity shown  by  sucb  men  as  Ampere  and  Macaulay.  If  for  any 
reason  the  mathematical  prodigy  loses  his  interest  in  calcula- 
tion, or  the  opportunity  to  practice  it,  his  power  is  likely  to 
diminish  or  eventu.illy  to  disappear;  in  this  respect  mental  cal- 
cnUtion  is  like  piano-plsyiog,  or  any  other  highly  specialized 
activity  dependent  on  long  practice. 

Slull  in  mental  calcnlatioo  is,  owing  to  the  isolation  of  men- 
tal arithmetic  already  noted,  independent  of  general  edtuation; 
the  mathematical  prodigy  may  be  illiterate  or  eren  densely 
stupid,  or  he  may  be  an  all-ronnd  prodig>'  and  veritable  genias. 
Furthermore,  mental  calculation  is  entirely  independent  for 
iMtiM<rTR.j//(rd/ ability  and  education;  the  calculator  may  never 
rise  above  the  countiug  stage,  or  may  acquire  merely  arith- 
metical skill,  or  may  develop  a  keen  insight  into  algebraic  re- 
lations, or  even,  like  Saffbrd  and  Gauss,  a  marked  aptitude  for 
higher  outhematics.  Hence  it  is  not  helpful  to  classify  Che 
mathematical  prodigies  either  by  general  education  or  by  sub- 
sequent mathematical  development.  Indirectly,  bonever.  igna< 
lance  favors  a  high  development  of  the  calculating  pon-cr,  by 
prerenttng  other  and  more  important  interests  from  taking  its 
place.  Where  the  power  is  retained  in  spite  of  the  widening 
of  interests,  its  practical  value  may  become  considerable,  espe- 
cially to  the  mathematician,  the  lawyer,  or  the  engiaeer. 

Although  mental  arithmetic  naturally  develops  out  oi  count- 
ing, the  fundamental  operation  is  mulHpikatian.  This  opera- 
tion may  remain  permanently  ia  the  counting  s;age,  i.  c,  may 
proceed  without  the  osc  of  a  memorized  multiplication  table  ; 
usually,  however,  a  multiplication  table  up  to  to  x  to  is  used. 
Many  of  the  prodigies  Segin  at  the  1ef\  in  both  multiplication 
and  addition.  Proctor  describes  in  his  own  case  a  method  by 
the  aid  of  visnal  dot-patterns,  but  no  other  calculator  is  known 
to  have  followed  this  method.  Two  of  the  visual  calculators, 
Diamandi  and  the  younger  Bidder,  used  cro^i-multiplication. 
The  theory  has  been  proposed  that  a  large  multiplication  table, 
perhaps  to  loo  x  loo,  is  used  by  some  of  the  prodigies;  but  there 
is  no  evidence  that  any  of  tltein  actually  did  use  such  a  table, 
and  even  Base's  feats  are  explicable  without  presupposing  it. 
Problems  in  square  and  cube  root  (especially  of  exact  squares 
and  cubes)  and  factoring  are  favorites  with  some  of  the  calcu- 
lators ;  in  those  cases  where  the  answer  is  given  "instantly," 
the  simple  properties  of  3-6gure  endings  are  used. 

Various  mathematical  and  psychological  short-cuts  explain 
the  speed  attained  by  some  of  the  prodigies  in  their  menta 
operations.  Problems  done  "instantly"  are  either  very  sim- 
ple, or  else  ate  solved  by  guess  and  trial,  with  the  aid  of  little 
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tricks  and  properties  readily  discovered  by  the  calculator.  Many 
algebraic  problems  are  thus  solved,  and  tbe  same  is  true  of 
square  aad  cube  roots  of  perfect  st^uares  and  cubes,  as  we  have 
just  seen. 

The  distinction  which  is  so  often  made  between  mntiory  and 
calculation,  with  the  iDipHcatloii  that  the  great  calculator  is 
simply  a  little  calculator  with  a  big  niemuiy,  using  the  same 
methods  as  his  lesser  rivals,  is  misleading  ;  the  process  is 
always  (in  the  "natural"  calculators)  a  true  calculation,  and 
memory  for  figures  is  important  only  in  so  far  as  it  stands  in 
the  ser\'ice  of  calculation. 

Finally,  maoy  of  the  calculators  heretofore  supposed  to  be 
of  visual  memory  type  turn  out,  on  closer  examination,  lo 
belong  to  the  auditory  (or  auditory -motor)  type,  at  least  in 
calculation;  and,  tu  general,  since  counting  is  essentially  a 
verbal  process,  the  calculator  who  begins  from  counting,  before 
he  teams  to  read  and  write,  will  usually  beloag  to  the  audiiorj' 
type,  and  will  make  relatively  little  use  of  visual  images  in  his 
actual  calculatioQs.  At  least  two  of  tbe  "  major"  prodigies, 
however,  and  possibly  four,  belong  to  tbe  visual  type. 

APPENDIX  I. 

NOTH  ON  Zerao  Colbubn. 
Scripture,  at  the  beginning  of  his  treatment  of  Colbum  {pp. 
at.,  p.  fi),  says  :  "Autobiographies  do  not  always  famish  the 
most  trustworthy  evidence  in  regard  to  the  man  himself; 
when,  moreover,  the  author  is  convinced  that  be  is  nothing 
less  than  a  modern  miracle  :  and,  finally,  when  having  bad  no 
scientific  and  little  literar)'  cdticalion,  he  at  a  later  date  writes 
the  memoirs  of  his  youth,  we  are  obliged  to  supply  the  lacking 
critical  treatment  of  the  narrative."  A  little  earlier  (p,  8)  he 
tells  us  that  Gauss,  "if be  bad  had  Ihe  misfortune  to  have 
been  gifled  with  uotbing  else  [than  his  calculating  powers], 
....  might  even  have  proclaimed  himself  iu  the  Colburn 
fashion,  as  a  miraculous  exception  from  the  rtst  of  mankind." 
Again  (p.  i6),  "  It  is  lo  be  remarked  that  Colburn's  calcula- 
ting powers,  such  as  they  were,  seemed  [j/V]  to  have  absorbed 
all  his  mental  energy;  he  was  unable  to  learn  much  of  any- 
thing, and  incapable  of  the  exercise  of  even  ordinary  intelli- 
gence or  of  any  practical  application.  The  only  quality  for 
which  he  wa.i  especially  distinguished  was  self- appreciation. 
He  speaks,  for  example,  of  Bidder  as  'the  person  who'  ap- 
proached the  nearest  to  an  equality  with  himself*  in  meutal 

*  Tbe  words  "in  the  writer's  iudgnieut"*re  her*  otnitteH  by  Scripture 
witbont  tbe  customary  t\gu  ot  omission.    {Memoir  p.  175.) 
Colbnrn's  word  here  is  "bim."  not  "himself."     {Locat.) 
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arithmetic'  Again,  'he  thinks  it'  no  vanity  to  consider  him- 
self first  in  the  liett  in  the  order  of  time,  aud  probably  first  in 
the*  extcDt  of  intellectual  power.' " 

In  similar  strain  Binet  says  {op.  at.,  p.  9),  "L 'histoire  de 
Zerah  Colbum  serait  extrfmement  int^ressante  si  elle  reposait 
sur  des  docnments  dignes  de  confiance;  iln'enesl  malheur- 
ensement  pas  xinsi.  Le  principal  document  qui  reste  de  lui 
e»t  son  autubiu^rapbie,  et  comme  il  s'est  exbib^  dans  des 
repr^entations  publiqnes,  et  qu'  il  parle  de  lai-m£me  avec  une 
vanil^  insupportable,  on  pent  snpposer  ^  bon  droit  que  cette 
biographic  est  une  r&:lame."  And  again  (pp.  lo-ii).  "Col- 
bum a  pass^.  pour  un  individu  d'  une  intelligence  m^iocre,  et 
crevant  d'  orgueil:  sa  biographte  en  donne  mille  preuves 
naives.  et  il  aOirme  &  plnsieurs  reprises  qu'ou  doit  le  coo- 
sidcter  comme  la  plus  grande  intelligence  de  ta  terre."*  Other 
passages  of  a  similar  sort  might  be  quoted  from  both  Scripture 
and  Binet,  but  those  above  given  are  sufficiently  typical. 

These  statements,  it  will  be  seen,  are  plain  and  unqualified. 
If  they  are  true.  Colburn  was  a  man  of  little  or  no  education, 
incapable  of  ordinary  iutelligeuce,  utterly  unqualified  to  write 
a  historical  document;  aud  his  Memoir  is  historically  unrelia- 
ble, an  exhibition  of  intolerable  vanity,  proclaiming  him  as  a 
modern  miracle,  the  greatest  intellect  that  ever  lived,  etc.,  in 
the  most  naive  fashion.  In  a  word,  these  writers  portray  Col- 
burn as  3  sort  of  Buxton  proclaiming  himself  as  a  Bidder  or  a 
Gauss.  lyct  us  now  examine  the  facts,  and  see  how  far  they 
bear  out  this  interpretation. 

An  account  of  Colbum's  education  has  been  given  in  Part  I 
of  the  present  paper;  from  that  account  it  will  be  seen  that 
Scripture's  statements  are,  to  say  the  least,  somewhat  sweeping. 
We  are  interested  in  the  matter,  however,  only  in  so  far  as  it 
concerns  Colburn's  qualifications  for  writing  a  reliable  account 
of  his  own  life;  and  of  those  qualifications  the  Memoir  {f,  itself 
the  best  test.  After  a  careful  reading,  the  present  writer  finds  it 
internally  consistent,  and  to  all  appearance  paiaiitalcing  and 
trustworthy,  with  no  aim  other  than  to  set  the  facts  in  their 


*Tbe  ariginil  reads,  "  It  Is  no  vanity",  etc.  (p.  17<). 

>The  wortl  "  the"  here  Is  not  la  th«  original  (.p.  ij^).  TbnsSeript- 
nrc  here  gives  us  four  misquotations  in  three  lineit,— an  eloquent 
commentary  on  his  method  of  supplying  "the  lucking  critical  treat- 
ment of  the  narrative"!  Ula  "critical  treatment"  of  the  Bidder 
family  has  already  been  discostcd. 

■Binet  admits  <p.  i)  that  his  historical  accoont  U  saperficlal  and 
secoud-hand,  and  (p.  3,  note)  that  he  has  borrowed  largely  from 
Scriptorc;  we  shall  therefore  not,  as  a  rule,  take  accoaat  01  bis  mi*- 
statcmcQts,  though  ihey  are  not  few.     Scripiure's  oecoant,  however, 

Erofcsses  to  be  based  od  the  onKioal  sodtcc*,  and  M  may  properly  be 
•Id  occoantable  for  its  as*  of  those  soorcea. 
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trae  light;  aod  externally  he  has  found  oaly  one  or  two  slight 
di.screpaacies  between  it  and  other  available  documeats,  none 
of  them  at  all  comjiarable  to  some  of  the  inaccuracies  we  have 
found  in  the  article  on  Aritkmetia^  Prodigies.  We  may  there- 
fore dismiss  this  general  charge,  until  it  is  backed  up  by  specific 
instances  of  Colburn's  alleged  incompetence,  and  turn  our  at* 
tention  to  the  charge  of  naive  vanity  and  self- advertisement 
brought  against  Colburn  by  his  critics.  This  is  the  real  groand 
on  which  they  have  sought  to  discredit  ihe  Mrmair. 

There  are  three  classes  of  passages  in  the  Memoir  on  which 
a  charge  of  undue  self- appreciation  may  be  based,  ( i )  Those 
in  which  Colburn  speaks  of  hia  calculating  power  as  a  gift  of 
God,  and  the  like.  (3)  His  section  (p.  1736'.)  on  "Other 
Calculators,"  in  which  he  attempts  to  estimate  his  own  place 
among  the  calculators  he  had  met  or  heard  of.  (3)  A  few  scat- 
tered passages  in  which  his  language  is,  if  not  vain,  at  least 
in  appearance  a  little  unguarded.  Let  us  consider  the  passages 
in  this  order. 

( 1 )  Passages  of  the  first  class  may  be  very  briefly  dismissed. 
Colburn  was  brought  up  with  eighteenth  century  ideas  of  a 
personal  Creator,  and  at  the  time  of  writing  the  Memoir  was  a 
Methodist  minister.  For  him,  therefore,  it  is  the  plainest  and 
most  matter-of-fact  statement  possible  to  say  that  his  power  is 
ft  "gift  of  God,"  and  unless  the  context  shows  undue  piide  in 
that  gift,  no  charge  of  vanity  receives  the  slightest  support 
from  such  statements.  Now  actually  Colbnra  uses  these  reli- 
gious expressions  only  in  this  matter-of-fact  way;  he  nowhere 
boa.sts  of  his  gift,  but,  on  the  contrary,  is  frankly  puzzled  as  to 
the  Divine  purpose  in  bestowing  it,  since  it  remained  a  mere 
"freak  of  nature."  so  to  speak,  and  contributed  neither  to  his 
material  nor  to  his  spiritual  success.    {€/.  Memoir,  pp.  165-6.) 

(2)  We  may  now  examine  those  parts  of  Colburn's  section 
on  "Other  Calculators"  (pp.  173-8)  which  bear  on  his  own 
estimate  of  himself.  The  section  begins  with  an  account  of 
bis  early  nervousness,  and  concludes  with  some  generalizing 
reflections,  so  that  we  may,  without  unduly  crowding  our 
space,  quote  practically  in  full  the  relevant  parts  of  the  section 
(pp.  173-6). 

"The  inquiry  has  frequently  been  made  whether  the  writer 
ever  became  acquainted  with  any  other  persons  who  were  en- 
dowed with  a  gift  of  mental  calculation  similar  to  himself  He 
thinks  not,  as  to  extent  of  solution."  Here  follows  an  account 
of  what  he  had  heard  concerning  Buxton,  but  with  no  attempt 
to  compare  himself  directly  with  Buxton. 

"The  Countess  of  Mansfield  called  u[>ou  Zerah  Colburn, 
while  he  was  first  exhibited  in  London,  and  alluding  to  the 
singular  gift  he  possessed,  stated  that  she  had  a  daughter,  Lady 
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Predericft  Marray,  wbo  wis  dunt  his  age,  and  gan  i&dtcatiooa 
of  snpcrior  skill  in  figures.  He  was  afterwards  in\'it«l  to  call 
at  ber  ladjrship's  residence,  and  ioand  tbe  young  lady  did 
possess  a  certain  degree  of  mental  qoickoess  aacomoioo  in  her 
sex  and  years.  But  her  elevated  rank,  and  tbe  Deoes&ary  al- 
tentioo  tu  those  pursuits  whkb  were  nrare  io  accordance  with 
her  stftboo  in  life,  pn^bly  precenied  her  aiieoding  to  that 
endovmeot.  She  wasafterwvds  married  to  Coloael  Stanhope, 
aod  dying  young,  her  widowed  husband,  after  the  lapse  of  a 
few  years  terminated  his  existence  by  suicide. 

"The  person  wbo  in  the  writer's  judgment  approached  the 
nearest  to  an  equality  with  bim  in  mental  aiitfametic,  was  a 
youth  from  I>e\'ODsbire  county,  in  Kngland,  named  George 
Bidder.  This  person  did  not  begin  to  exdtu  attention  nniil 
after  Zerah  had  retired  from  public  exhibition  in  London, 
sometime  in  the  year  1815.  Bidder  was  at  that  time  ten  years 
old.'  Having  never  had  any  acquaintaace  with  him,  the 
author  cannot  speak  correctly  of  the  manner  io  which  his  ulent 
was  first  communicated  and  exhibited. 

"Tbe  only  thing  he  ever  heard  on  this  point  was,  that  his 
father  being  engaged  in  some  difficult  sum,  George  answered 
itatoDce;  that  in  view  of  his  unexpected  readiness,  be  was 
pot  to  school,  and  considerable  paios  were  taken  to  train  him 
for  exhibition.  This  however  may  he  bs  incorrect  as  some  of 
the  stories  in  circulation  relative  to  the  subject  of  this  memoir. 
It  is  certain,  however,  that  in  Ixtndon  he  [Bidder]  never  re- 
ceived thai  general  patronage  which  his  predecessor  enjoyed.' 

"Some  time  in  181 3,  Zerah  was  invited  to  a  certain  place, 
where  be  found  a  number  of  persons  quesUuuing  the  Devoa- 
shire  boy.  He  [Bidder]  displayed  great  strength  and  power 
of  mind  in  the  higher  branches  of  arithmetic;  he  could  answer 
some  qnestion.H  that  the  American  would  not  like  to  undertake; 
but  he  was  unable  to  extract  the  roots,  and  find  the  factors  of 
ntunbers.    The  last  time  that  tbe  writer  wa.i  in  Edinburgh,  he 

'Bidder  nu  not  tea  years  old  atitil  i8t6,  t>  thai  Colburn.  wrttiog 
from  memory  some  fi(tc«D  years  or  more  after  tbe  eveat,  bas  nude  ■ 
mislikc  of  a  year  in  one  of  these  figures. 

*If  this  sentence  rxiiibits  vanttv  at  a]|.  tbe  vanity  U  hardly  of  th« 
Dslve  »oft  of  which  Colburn's  ciitics  have  accaa^  him.  More  pro- 
bably, however,  he  states  the  simple  fact.  The  Colbnma  bad  by  this 
time  worked  tbe  London  field  over  pretty  tboronRhly,  and  the  public 
mnst  have  h«d  a  genteel  sufficiency  of  calcaUiiDK  prodigies.  Even  if 
wc  a&sumc  that  Bidder's  father  was  as  assiduous  as  Colburn 's  inetiort* 
to  r*ise  mouev  from  tbe  nobility,  which  is  doubtful,  the  K'^iC'^tity  of 
the  noble  lords  may  well  hare  faltered  a  trifle  after  Colburn  bad  both 
worn  ofi  tbe  novelty  of  the  thiug  and  collected  all  tbe  subscriptiona 
they  were  willinj;  to  ([ive.  At  any  rate,  this  psstage  is  hardly  aa  na- 
cqoWocal  a  proof  of  vanity  as  we  need  to  substantiate  the  nveeping 
ebargea  of  Scripture  and  Bmet. 
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was  informed  that  tlie  lad  was  in  studjr,  under  the  patronage 
of  a  Scolch  nobleman, 

"At  different  periods,  Zerah  Colbnrn  bas  heard  of  a  number 
of  persons,  whose  uncommon  aptness  in  fignres  rendered  them 
subjects  of  astonishment  to  others.  He  thinks  it  is  no  vanity 
to  consider  himself  first  in  the  list  in  the  order  of  time,  and 
probably  first  in  extent  of  intellectual  power.'  It  would  be 
very  easy  to  indulge  in  speculations  in  regard  to  the  increasing 
number  of  persons  thus  endowed;  but  speculation  avails  little 
in  so  exact  a  science  as  mathematics,  and  would  profit  nothing 
on  the  present  occasion.  It  is  his  opinion  chat  should  a  similar 
case  occur  again."  sufficiently  promising,  his  education  should 
be  made  a  matter  of  public  interest,  etc.  "It  then  would  be 
seen  more  clearly  than  in  any  other  way  what  was  the  object 
of  the  gift,  and  if  a  valuable  help  is  therein  concealed,  it  would 
be  made  public,  and  thousands  might  share  in  its  advantages." 
The  remaining  paragraphs  of  the  section  on  "Other  Calcula- 
tors" consi.st  of  general  reflections  which  do  not  here  concern 
us* 

Colburn  thinks,  then,  that  he  has  never  met  any  one  with  a 
gift  of  mental  calculation  similar  to  himself,  as  to  extent  of 
solution;  that  Bidder,  in  his  (Colbuni's)  judgment,  came  the 
nearest  to  being  such  a  person,  and  was  superior  in  several  re- 
spects, hut  was  unable  to  extract  the  roots  and  find  the  factors 
of  numbers;  and  that  among  the  calculators  who  have  been 
subjects  of  public  astonishment  (i.e.,  among  professional  calcu- 
lators, hence  not  including  Buxton),  it  is  no  vanity  to  consider 
himself  first  in  the  order  of  lime,  and  probably  first  in  extent 
of  intellectual  power  (extent  of  solution).  Such  is  Colbum's 
estimate  of  him.sclf  a.(i  a  calculator. 

Undoubtedly  Colburn  was  miijtaken  ;  Bidder  far  excelled 
blm,  even  at  the  time  of  their  meeting  in  iSi8.  But  we  can- 
not leave  the  matter  thus  ;  in  order  to  decide  whether  Colburn 
was  led  to  this  cnnclasion  by  vanity,  we  mnst  examine  the 
grounds  he  gives  for  it.  Bidder,  be  tells  us,  displayed  great 
strength  and  power  of  mind  in  the  higher  branches  of  arith- 

*Thiii  is  the  only  pawage  the  jirvient  writer  hiw  found  that  eren  re- 
motely lupportii  BJnel'jt  atiierttou  that  Colburn  "nffirrac  a  plaaiean 
reprises  qu'on  doll  le  con»ldcrer  comnie  la  pltit  gtande  iutc-llig«ncede 
la  terre."  It  need  hardly  be  pointed  oat  that  by  "intellectaal  power" 
in  Ihe  present  contest  Colburn  means  simply  "power  of  calculation." 
Note  the  simitar  references  to  the  "mcatal  qaickticss"of  the  daughter 
of  Lady  Haos&cld  above,  sad  to  Bidder'a  "BlreQgtb  and  power  of 
mind." 

*  Prom  these  extracts  the  render  may  itidgc  for  faimaelf  both  of  Col- 
buro'a  style  and  of  bis  historical  ability  or  inability.  In  these  re- 
■pecta,  as  well  as  for  the  purpose  of  illustrating  Colbarn's  attitude 
toward  bin  own  gifts,  tbey  B««m  to  the  writer  to  b*  qnite  typical  of 
the  whole  book. 
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nietic,  and  answered  some  questions  he  (CoHxirn)  wonid  not 
like  to  undertake;  but  Bidder  "was  unable  to  extract  the 
roots,  and  6nd  the  factors  of  numbers."  Now  Colbum  was 
not  much  of  3  mathematician,  but  one  tbiug  he  did  know, 
from  the  mathematicians  who  had  examined  him:  up  to  bis 
own  time,  no  one  had  discovered  any  general  method  of  finding 
the  factors  of  numbers.  Colhum  himself  had  a  new  and  oriEi- 
nal  method  of  performing  this  operation  very  rapidly  for  num- 
bers up  lo  6  or  7  figures,  and  of  finding  almost  instantly  the 
roots,  of  exact  squares'and  cubes.  He  could  not  be  expected 
to  understand  that  this  method  (by  2-figure  endings)  was  really 
trivial;  be  did  know  that  be  could  solve  these  problems,  by  an 
original  method,  and  that  eminent  mathematicians  were  more 
amazed  at  this  feat  than  at  any  other  in  his  repertoire.  Shall 
we  blame  bim,  then,  for  considering  himself  superior  as  a  cal* 
culator  to  any  oue  who  simply  excelled  him  in  straight  aritb- 
nietical  operations,  and  that,  too,  at  a  time  when  he  had  given 
up  public  exbibitions  and  lost  not  a  little  of  his  former  skill  ? 
Colbum  could  appreciate  his  own  feats,  but  could  not  ade- 
quately  appreciate  Bidder's  compound  interest  method,  for 
example;  he  gives  Bidder  full  credit,  however,  for  "great 
streogtb  and  power  of  miud  in  the  higher  branches  of  aritfame- 
tic."  and  for  defeating  bitn  in  the  competitive  lest  in  other 
directions. 

Viewed  in  this  light,  the  passage  implies  simply  that  Colbum 
was  honestly  mistaken  in  spile  of  a  sincere  effort  to  face  the 
facts  impartially.  Tbe  charge  of  vanity  receives  no  support 
from  this  part  of  his  book,  tbe  one  part  above  all  others  where 
vanity  ought  to  show  itself.  The  laudatory  account  of  Bidder 
in  the  London  paper,  on  the  other  hand,  can  be  explained 
either  by  a  better  realization  of  the  difficulty  of  Bidder's  feats, 
particularly  that  of  solving  cowpound  interest  problems,  by 
faulty  memory  on  the  part  of  the  reporter  or  his  informant, 
or  even  by  simple  patriotic  partiality  to  the  English  boy. 
The  War  of  1812  was  still  fresh  in  the  public  mind,  and 
love  for  persons  and  things  American  was  not  strong.  Since 
it  is  not  until  1819,  the  year  after  tbe  meeting  between  Bidder 
and  Colburn,  that  we  find  any  record  of  Bidder's  solving  prob> 
lems  in  square  or  cube  root,  there  is  no  reason  to  dispute  Col- 
bum's  statement  that  in  1S18  Bidder  had  not  discovered  the 
methods  be  afterwards  applied  to  it.  So  far,  then.  Colbam  is 
completely  vindicated;  the  charge  of  vanity  rests  on  misinter- 
pretation and  on  a  failure  to  take  account  of  all  tbe  circum- 
stances in  tbe  cnse. 

(3)  The  third  class  of  passages  need  not  long  detain  us. 
Two  of  them  we  have  already  examined;  those,  namely,  in 
which  Colburn  says  that  Bidder  "never  received  that  general 
patronage  which  bis  predecessor  enjoyed,"  and  speaks  of  htm- 
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self  as  *  'first  in  extent  of  iDtelleclual  power. ' '  After  what  baa 
been  said,  a  fair-miuded  critic  will  hardly  attach  serious  weight 
to  cither  of  these  I)as^ageB.  The  only  other  one  which  Avems 
to  offer  any  chance  for  misunderstanding,  even  to  a  superficial 
reader,  occurs  on  p.  63.  Colburn  is  describing  the  \t\&ns  for 
the  projected  book  for  which  a  committee  of  bis  admirers  bad 
been  attcmpliag,  not  very  successfully,  to  collect  subscriptions. 
The  book  was  to  be  "a  quarto  volume,  with  a  portrait ;  printed 
on  the  l)est  paper,  in  a  style  nf  superior  elegance.  How  many 
pages  they  [the  committee]  calculated  upon  is  not  known,  but 
it  must  have  required  a  mighty  mind  to  extract  matter  suffi- 
cient to  be  worth  eight  dollars,  from  the  history  of  three  years 
of  a  child's  life,  even  if  thai  child  were  Zerah  Colburn."  Here 
we  have  a  passage  which  may  at  &rst  appear  egotistic ;  yet  the 
context  is  surely  not  iuordinately  vain.  If  instead  of  the 
words  "Zerah  Colburn"  we  read,  "probably  the  greatest  calcu- 
lator on  record,"  we  have  said  the  worst,  and  simply  shown 
another  passage  in  which  Colbuni's  honestly  mistaken  opinion 
of  himself  comes  to  light.  It  is  safe  to  suy  that  but  for  a  mis- 
interpretation of  passages  of  the  first  two  classes,  no  one  would 
attach  any  special  importance  to  those  of  the  third  class  as 
proofs  of  vanity. 

Furtbcrmore,  Colburn  is  in  several  passages  ijerfectly  frank 
iu  stating  his  own  defects.  lu  fact,  one  of  his  critics,  as  ex- 
treme in  one  dirt-ction  as  Scripture  and  Binet  are  in  another, 
speaks  of  the  Afemoir  as  "an  inane  production,  which  would 
be  tedious  in  the  extreme  except  for  its  absurd  naivete  and  the 
frankness  with  which  the  author  admits  his  mediocrity." 
{Spfcialor,  1878,  p.  i7o8.)  The  following  passage  from  the 
Memoir  (p.  104)  will  illustrate  the  basis  on  which  this  critic 
rested  his  estimate  of  the  lK>ok : 

"At  the  period  of  his  entrance  at  Westminster  school,  he 
[Colburn]  was  a  few  days  over  twelve  years  old — quite  old  for 
the  class  in  which  he  was  placed,  but  for  that  reason  better 
able,  as  well  as  by  his  eight  months'  attendance  at  the  Ly- 
ceum in  Paris,  to  get  speedily  removed  into  a  higher  class. 
During  the  two  years  and  nine  months  that  he  was  connected 
with  this  institation,  be  accomplished  the  labor  for  which  the 
boys  generally  spent  four  or  five  years.  He  learned  with  facil- 
ity,  and  the  continual  practice  preserved  what  he  acquired 
fresh  in  his  memory.  It  is,  however,  a  truth  which  may  as 
well  be  stated  here  as  anywhere  else,  that  the  mind  of  Zerah 
was  never  apparently  endowed  with  such  a  talent  for  close 
thiukiiig  on  intricate  subjects  as  many  possess.  He  was  not 
peculiarly  fortunate  iu  arriving  at  a  result  which  did  not 
readily  present  itself,  or  for  which  the  process  leading  thereto 
was  not  soon  discovered.     It  is  for  this  reason  that  he  has 
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been  tinabte  to  discover  a  prospect  of  his  extensive  usefulness 
ID  cnatheinatical  studies,  or  of  justifying  the  high  expectations 
which  many  bad  reasonably  fonned  on  account  of  his  early 
endowment,  and  hence  he  feels  more  reconciled  than  he  other- 
wise might  in  abandoning  the  wisdom  and  literature  of  this 
world  for  the  duties  of  his  present  important  calling  [the  min- 
istry]. While  in  school  he  generally  sustained  Itimself  among 
the  four  at  the  head  of  the  class;  but  was  not  remarkable 
either  for  quickness  of  mind  or  closeness  of  application." 

Again,  in  trying  to  account  for  his  gift,  he  says  (pp.  165-6), 
"If  the  notoriety  of  his  yonlh  was  designed  [by  his  Maker]  as 
an  introduction  to  him  in  bis  ministerial  capacity,  it  would  be 
a  natural  expectation  that  hts  talents  as  a  Preacher  would  be 
equal,  if  not  superior,  to  the  striking  displays  of  his  early  pre- 
cocity.    This  howcv[er]  is  far  from  being  the  case." 

One  other  possible  criticism  remains  to  be  met:  it  may  be 
said  that  Colbunrs  vanity  is  proved  by  the  very  fact  of  his 
writing  an  autobiography.  But  the  plan  of  writing  a  memoir, 
as  we  have  seen,  did  not  originate  with  him;  and  it  is  only 
when  (p.  16s)  "at  length  his  situation  has  become  such  that 
an  effort  was  necessary  to  obtain  snme  pecuniary  means  for 
supporting  a  wife  and  three  little  girls,  over  and  above  the 
contributions  of  the  people  among  whom  he  has  been  laboring 
during  the  past  year."  that  "for  want  of  any  more  promising 
employment,  this  has  been  undertaken." 

The  statement  seems  to  be  warranted  by  the  passages  quoted 
from  the  Memoir,  and  the  facts  presented  as  bearing  on  them, 
that  Colbuni  was,  on  the  whole,  free  from  vanity,  and  erred 
only  in  accepting  the  uncritical  popular  estimate  of  himself. 
Even  here  his  error  was  far  less  than  we  might  have  expect^; 
in  fact,  the  wonder  i  >  that  a  child  who  was  so  constantly  before 
the  public  in  his  early  years,  so  praised  and  marvelled  at  by 
famons  mathvmaticians  as  well  as  by  popular  audiences,  did 
not  develop  into  just  the  sort  of  vain  fool  that  Scripture  and 
Binet  ha\'e  accused  him  of  being.  But  if  he  ever  had  any  illu- 
sions in  this  matter,  the  hard  knocks  of  his  later  life  effectively 
removed  them.  In  the  Memoir  he  stands  before  us  as  the 
painstaking  and  conscientious  historian  of  "a  very  remarkable 
fact  in  the  annals  of  the  human  mind";  and  while  he  is  not 
alway  skillful,  and  at  times  becomes,  it  must  be  confessed,  too 
much  of  a  preacher  to  be  an  ideal  historian,  bis  book  must  be 
takeu  seriously,  as  au  important  contribution  to  the  literature 
on  mathematical  prodigies. 
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The  following  table  gives  a  bird's-eye  view  of  the  more  im- 
portant matheniatical  prodigies,  for  conveoicLce  in  comparing 
the  diEEerent  mcu.  In  tbe  column  beaded  "  heredity  "  are 
found  such  possibly  relevant  facts  as  are  known  about  each 
man's  parents  and  relatives.  In  the  next  column  is  a  brief 
accoQuc  of  the  circumstances  attending  the  "  development  "  of 
the  calculating  power;  precocity  here  refers  only  to  calculation, 
unless  *'  all-round  precocity  "  is  specified.  Under  "education  " 
are  described  both  the  general  and  tbe  mathematical  training 
of  tbu  calculator.  The  next  column  deals  with  the  scope  and 
methods  of  his  mental  calculations  ;  the  next,  with  his  figure- 
memory  (extent,  etc.),  and  his  probable  memory  type;  a  few 
facts  about  his  memory  in  general  are  added  in  one  or  two 
cases,  but  usually  this  has  not  been  considered  necessary.  In 
tbe  tasi  column  are  noted  other  peculiarities  of  the  calculator, 
whether  cunaected  with  his  calculations  or  not. 

It  has  not  seemed  worth  while  to  extend  the  table  to  other 
prodigies,  owing  to  the  meagreness  of  the  available  data,  and 
the  sacrifice  of  compactness  that  would  be  involved.  It  is 
hoped,  however,  that  tbe  table  here  given  will  be  found  help- 
ful. Every  effort  has  been  made  to  render  it  accurate,  and  as 
complete  as  was  cuosistent  with  the  desired  degree  of  condcasa- 
tion. 
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71k  Psvchalit£y  of  fi!eadi»g .  An  Rxperimentat  Study  of  thf  Reading 
Pauitx  and  Mot/etnenls  of  the  Eye.  Wai.thk  I'ltNxo  Dkarbokn, 
Ph.  D.  Archives  of  PhUosoptiy,  P&ycboloxy,  anil  Scientific  Metb- 
orts,  No.  4,  March.  1906.  The  Scieuce  Wess,  New  York,  J906. 
PP-  '3» 

Dr.  Dearborn's  atndjr  mark*  a  material  advance  apoo  the  work  dooe 
thuB  far  upDii  the  movement!  and  paitHea  of  the  eye  in  reading.  Hla 
primary  object  wa>  "  to  dctcroiiuc  with  exactness  the  form  and  charac- 
ter of  the  movetiieot  of  the  eye  in  reading,  and  to  deBne  or  plot  the 
position*  on  the  page  which  corrcapond  to  the  so-called  fixation  or 
reading  pauses  of  the  eye." 

A.  modification  of  the  Dodgv  falling  plate  camera  'ka&  used,  giving 
"coQiinnoDS  photographa  of  the  horizontal  movements  of  the  corneal 
reflection  made  npon  a  alowly  falling  photographic  plate  of  great 
aenaitiveueas."  The  time  of  the  movement  is  marked  on  the  ptate  by 
the  altcniRte  admission  and  exclusion  of  light  by  a  apring  pendnlnm 
oscillating  before  the  plate. 

The  place  of  the  fixation  paoaee  was  determined,  tor  the  most  part, 
by  projecting  the  original  photographic  record  upou  a  stercopticon 
screen,  magnilying  and  arijuHting  thia  record  to  coincide  with  a  draw- 
ing on  the  &ciceu  rcpreseudtig  the  length  of  the  lines  of  print.  A 
drawing  of  the  record  could  then  be  made  which  could  be  placed 
" over  the  lines  of  the  proper  pages."  The  marking  of  the  fixation 
p«nM9"J8  accorate  to  the  limits  of  a  atogle  small  letter  of  a  news- 
paper page."  save  for  certain  important  sources  of  error  noted  by  the 
author  as  due  to  movements  of  the  head  and  to  the  semi-nyslagniatic 
movements  of  the  eyes.     Bight  adults  and  three  children  were  tested. 

The  rate  o(  movement  was  found  to  vary  considerably,  bat  on  the 
whole  the  uieasuremeuts  atjree  with  those  made  by  DoOge,  and  the 
rate  is  too  fast  for  percention  during  the  movement.  However,  some 
readers  made  certniu  alow  shifting  movements,  sometimes  ten  to 
twenty  times  slower  than  the  UBaa]  movement,  accompoaylug  the 
movements  of  the  attention,  These  shiftings  are  classed  as  fixations, 
since  tbev  furnish  data  lor  pciccptioti. 

It  was  found  that  the  eye  readily  falls  ioto  a  brief  "motor  habit"  of 
making  a  certain  fixed  number  or  succession  of  pauses  per  line,  for  a 
given  passage,  and  independently  of  the  nature  of  the  subject  matter. 
Fast  readers  do  this  especially,  and  most  readily  in  the  shorter  line* 
of  uniform  length.  The  first  pause  in  each  line  is  the  longest  one. 
the  eye  sceniiug  to  take  a  general  summary  at  first,  and  there  is  a 
secondary  long  pause  near  the  eud  of  the  line.  At  these  pauses  the 
attention  ta  thought  to  expand  and  a  more  general  perception  is  ae> 
cured. 

The  exact  point  fixated  may  be  in  any  part  of  the  words,  or  le  tbe 
spacing  between  them.  It  apparently  "  pays  little  attctitiou  to  many 
Of  the  laws  of  a^>perception  or  the  rules  of  the  rhetorician."  These 
exact  points  of  Hxalion  are  "significant  only  as  representing  tbe  point 
about  which  are  grouped  the  '  block  '  oT  letters  that  arc  simnltNneously 
perceived  as  one  word  or  phrase  complex.  It  more  often  falls  In  the 
first  third  than  at  the  centre  of  a  given  perception  area." 
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More  paOKs  are  made  iritfa  retatire  proaouns,  prepoBitlotls,  con- 
Inactions,  auxiliary  verba,  aud  ntiiueralH,  than  with  Mubxtitntii'ca,  ad- 
lecttvev,  etc.  The  pauses  are  lonxer  aad  more  numerouB  in  reading 
iIowIt.  Readers  when  asked  to  read  as  foat  ati  pOMlble  tuvcd  nearly 
one-third  uf  the  lltue  usually  taken,  ami  the  tiuint>er  of  pausex  was  re- 
duced one-third.  Bye  lati>[ue  was  fonnd  to  increaae  the  anmbcr  aad 
duration  ol  the  fixation  pauaea. 

Very  great  difilereuccs  were  found  in  the  rate  of  readine  when  the 
ftubjec't*  were  Riveu  matter  of  special  interest  to  eacb,  ana  there  was 
the  same  ranking  in  rate,  with  smaller  diSerences,  for  all  clashes  of 
readin;;  niattet.  Rate  differences  between  individuals  and  in  thcsame 
indiviilual  are  tbouKbt  to  depeud  largely,  when  other  conditionii  are 
constant  In  "  the  ease  with  which  a  reffular  rhythmicii!  movement  can 
be  established  and  sualatued,"  consistLug  of  a  regnlnr  number  of 
pattsea  per  line  and  a  fairly  uniform  arrangement  in  the  oirder  of  long 
and  short  pauses.  Lines  of  moderate  and  practically  nnjform  lengtS 
fulfil  Iheac  conditions  best. 

Children  were  not  fouud  to  have  a  diBereut  rale  of  eye  movement 
from  adults,  hut  their  fixation  pauses  are  more  frequent  and  generally 
longer,  tbouf^li  qtiiti.-  short  ones  occur.  Tbeir  "accuracy  of  fixation 
appearn  a*  exact  as  that  of  the  adults." 

Dr.  Ilearliora's  study  give*  evidence  of  care  and  thoronghness  on 
the  main  points  studied,  aud  presents  a  number  of  minor  observation* 
and  interpretstione  which  will  be  of  value  to  those  who  study  the 
subject  farther.  Bdui7ND  B.  HtiitV. 

I,' Altettlion  ipontanie  dans  ta  vie  ordinaire,  el  ses  applications 
praiiqnes,  by  Rokrich,  Revue  philosophlqne,  Mo.  8,  Aobt,  1906. 
Trente  et  onitimeaau^e.    pp.  i^S-ij^, 

An  element  of  Toltlion  char&cterlzca  all  attention,  yet  apoutaneoua 
aud  voluntary  attention  are  to  be  definitely  distiuguishea.  Sponla- 
acouB  attention  is  discussed  ander  two  aspects,— primitive  and  apper- 
ceptive. 

Primitive  attention  marks  csucntialty  the  capacity  of  the  cbild,  or 
of  tbc  Dnculttvated  man,  yet  it  ii  n  moii  important  factor  in  the  life 
of  the  scholar,  or  the  artist.  It  is  restricted  to  tbc  Interpretations  of 
toch  particulnrs  of  the  external  world  as  are  accessible  to  the  senses, 
and  is  ah^olntcty  necessary  ia  putting  the  mind  in  possession  of  ele- 
mentary  fact!^  preparatory  toclassificatlon  aud geaeraliulion.  Moliere, 
RoQBsesu  and  Zola  excelled  intbia  power,  while  in  Voltaire  and  Racine 
it  was  markedly  lacking. 

Tbc  laws  ol  primitive  attention  are  as  followst 

1.  According  as  the  individual  is  more  or  le«s  attcnttve,  tbe  time  of 
reaction  after  perception  is  shortened  or  lengthened. 

2.  However  vivid  the  stimulus,  primitive  attention  cannot  fix  an 
object  for  more  than  a  few  seconds  at  a  time. 

y  In  every  change  from  one  perception  to  another,  time  must  be 
allowed  for  the  exercise  of  indgnicnt  upon  this  change. 

The  psycho- pedagogical  rnles  baoied  upon  the««  laws  are: 

I.  To  bold  the  attention,  impressions  mast  move  progressiTely  in 
inicnsity  or  vividness.     (This  progression  soon  reaches  a  maximum.) 

a.  After  each  Impression,  a  delay  for  recovery  (neither  too  long,  aor 
too  sbort)  must  be  allowed. 

3.  To  waken  primitive  attention,  tbc  presentation  mnsi  be  nicely 
determined. 

4.  Impressions  ol  a  different  aatnre,  when  they  relate  to  the  same 
object,  oiay  be  allowed. 

$.  Priiai'tive  attention  is  tbe  most  certainly  aroased  by  cOQtrast 
among  successive  or  simultaneous  impressions, 
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In  appereeittlvfr  attention,  the  new  impression  is  reinforced  by  men> 
tal  contents  »iniil«r  Id  ilitelf.  It  is  not  really  tnili>pcii>uible  tbat  tbj*- 
reiuforciiij!  aia^t  hv  logicaUy  co-or<.linBtc<l,  or  scientilicBlly  classitied; 
7et.  to  secnre  the  best  result*,  the  apperception  should  be  carefully 
prepnred.  Rsbeliiis  and  Kou«scfin  were  msKters  in  this  kind  of  pre- 
paratory work.  The  failare  of  Pompcy  and  Cicero  may  be  traced  to 
the  want  ol  this  power  to  hold  the  atlcotioti  of  the  public.  Julius 
Ciesar  was  pre-eminently  successful  in  this  direction.  To  skill  in 
preparing  for  apperceptive  attention,  la  due  the  trinmpb  of  realism 
over  Idealism. 

The  fnuilatRentsI  latv  of  ap])ercept)re  uttentton  is  : 
In  every  appreheDiiou  which  i»  not  directed  by  the  will,  the  acca- 
racy  and  r*iplnlty  of  understanding  Infrf-a^ein  proportion  to  the  extent, 
the  variety,  and  the  jndiciua*  ctt-unlinnliou  of  the  annocialtoos  of  the 
■cqaired  ideas.     Upon  this  are  Uu^cd  ihc  following  rales: 

1.  In  apperceptive  attention,  it  is  not  indiapeuwble  that  the  presen- 
tation tie  new,  but  it  muKt  neem  to  be  new.  Kartne,  (ilUrk,  Goethe, 
Chateaubriand ,  bad  the  power  of  preseuling  well-known  legenda  In 
such  a  way  that  the  ide^.'^  poiiHesiied  all  the  attraction  of  original 
crefttions. 

2.  To  facilitate  apperceptive  attention,  the  content  of  the  new  mast 
be  similar  to  the  old  experience,  bm,  bv  no  means  identical  with  it. 
(Tbc  teiiionsness  of  copyini;  illusiraies  this  poittt.) 

3.  New  notions  must  be  connected  with  old  experience  by  means  of 
trHURitiotial  notions  which  shade  gmdunlly  from  the  old  into  the  new 
content.  (The  Odyssey  of  Homer,  the  Dta1o}i;ue9  of  Plato,  the  trage- 
dies of  Sophocles,  illustrate  admirably  the  significance  of  aucb  transi- 
tions as  a  mean*  to  holding  the  Httcntlon.) 

4.  Between  two  cuimitiating  points  of  apperceptive  attention  a 
pause  should  be  made.  This  pause  cannot  he  regarded  as  a  definite 
Cessation,  hat  impitr«  rnthcr  a  kind  of  slackening  of  Hctivity,  by 
means  of  which,  a  more  pcrfccl  asstmilstion  through  tnlcnt  or  nncon- 
scions  cerebration  may  be  secured.  Without  this  pause  after  a  cul- 
miiiatius  point,  the  atiention  may  not  he  secured  for  the  second 
point.  This  is  explained  on  ibc  ground  of  the  fatiguing  nature  of  ap- 
perceptive altenifon.  Apperccptiou  is  always  a  source  of  CTnotion 
more  or  less,  and  while  it  constantly  satisfies,  it  constantly  gives  rise 
to  new  expcctfltion,  which  implies  a  constant  out  lay,  and  a  consequent 
exhaustiou  of  energy,  the  renewal  of  which  demands  at  least  an  ap- 
proximate test  after  a  period  of  mental  activity. 

Mabgarkt  KmvKK  SMtrn. 
Mrmlal  and  Moral  Heredity  in  Hoyelty.    A  Siatiitital  Study  in  ffis. 

lory   and   Psyehohgy.  by  FREDBiiiCK    A.  Woods.    New  York, 

Henry  Holt  &  Co.,  1906.  pp.  VI,  3tj. 
Dr.  Woods'  book  is  an  amplification  of  a  scries  of  articles  published 
during  the  last  few  years  Id  the  "  Popular  Science  Monthly."  The 
preface  states  that  it  was  written  in  the  hope  of  contributing  some- 
thing toaknowledgeot  the  science  of  history,  but  it  is,  however,  rather 
a  coutribntiou  to  the  pnycboloj;^  or  the  comparative  psychiatry  of  his- 
tory. The  analyses  of  the  vanons  royal  family  trees  are  minute  and 
patustakiug,  hut  it  seems  unfortunate  that  the  author  should  let  his 
biological  enthusiasm  bide  the  sound  principles  of  madern  psychialr>-. 
BccauiC  the  family  trees  of  royal  houses  are  so  minutely  recorded. 
thv^v  oifcr  a  splendid  opportunity  for  the  study  of  the  question  of  men- 
ial heredity,  and  yet  it  appears  to  us  that  the  author  has  not  made  the 
bc^t  use  of  svatlftble  historical  facts.  Because  certain  members  of  a 
(atuily  suffered  from  a  vagne  disorder  known  ■«  in<utnity,  and  certain 
deaccndanta  or  collateral  indiTidoslB  of  this  family  suffered  from  a 
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like  dtsoriler.  Is  no  ptoofot  the  bercdiur;  basis  of  the  meutal  discue, 
atile»9  we  nn  able  to  state  the  exact  nsture  sod  cauM  of  the  tDslady. 
Terms  like  insanity,  psycbosie,  or  imbecility  foand  affixed  to  tbe 
name*  of  various  ruyal  pcrsonB^es  tliroughoui  tbe  book,  are  mere 
hlou  that  tbe  Nemi»is  of  heredity  is  at  work  griudinR  slowly  but 
sarely.  These  ternis  fail  to  furniiib  tbe  more  exact  informatioa  of 
4bat  particular  type  ol  meutal  disease  was  Irausmittcd .  Periodic 
depreasious  andexaltailonB  (manic-depreasiTeiusanitv),  (be deteriora- 
tion associated  with  tbe  adult  onset  of  cborca  (  Hnatingtoo's  chorea), 
ceilain  types  of  silolcsceat  iii»aiiity  (deaicutia  prarcoxj,  moral  dcfi- 
cieucies,QlcoboIi&m,  or  epilepsy,  arc  particularly  pi-ooc  to  run  iuccrtaia 
families  and  appear  as  like  or  closely  allied  disorders  in  tbe  offspring. 
It  is  only  under  these  coaditious  that  we  cau  speak  of  an  bcreditaiy 
stiema.  But  if  an  ancestor  became  insane  from  trauma,  or  was  the 
victim  of  a  febrile  delirium  or  of  some  poison,  accidentally  ingested, 
and  is  a  mental  disease  of  a  diSereut  or  even  of  a  like  accidental  type 
appeared  iu  the  offspring  or  collateral  branches,  it  would  be  transcend- 
jgg  all  facts  to  speak  of  heredity  under  these  conditions.  The  classi- 
fication of  intellect  and  morals  into  ten  grades,  while  admirable  for 
the  purpose  of  comparative  study,  is  rather  artificial  and  docs  Dot 
possess  tbal  flexibility  which  is  so  characteristic  of  individual  moral 
and  mental  tendencies,  While  tbe  book  lacks  in  the  few  details 
pointed  out  above,  yet  otherwise  it  is  admirable  as  a  study  of  the 
psychology  of  history  and  of  the  relentless  grasp  of  general  hereditary 
factors  OS  certain  families.  Tbe  use  of  tialtoo's  law  of  ancesiral 
heredity  and  of  modern  biomctrical  mcLboda  is  a  Borcl  one.  the  results 
are  admirable  and  worthy  of  a  wider  application.  The  book  takes  up 
io  detail  ibe  dt&erent  bouses  and  branches  of  tbe  principal  Buropeaii 
Muntriea,  while  the  bibtiojiraphy  is  unusually  complete  and  offer*  a 

good  working  basis  for  all  futarv  inrestigators  along  these  Ilneit.  The 
lustratua  are  admirable,  especially  those  showing  the  Hap«bufg  Up. 
The  varinus  tables  and  pedigrees  of  the  difierent  royal  families  show 
m  wide  graap  of  the  subject  and  enable  one  to  IcH  at  a  glance  tbe  men- 
tal and  moral  attributes  of  the  Tartous  royal  personages  and  their 
relation  to  one  another  in  the  same  group.  I.  H.  CoRtAT. 

I.' Annde  psychologic ite.  Publi^epar  A.  BiNST.  Douzi6mcauu<!«,  1906. 
Paris,  Mssson  ctCic.     pp.  673. 

This  Tolume  of  the  AnnJe  psyehologiftieAiriAti,  in  the  usual  way. 
Into  original  article*,  geneial  reviews  o[  the  past  year,  ami  critical 
notices  of  parchological  works. 

Tbe  original  articles,  although  not  all  equally  sati-^factory.  are  of 
qaitc  exreptiuiial  range  aud  interent,  and  tbe  editor  ia  to  be  heartily 
congratulated  upon  the  variety  and  quality  of  the  work  which  he  haa 
brought  together.  The  series  opens  with  a  paper,  by  MM.  Binet 
■ad  Simon,  on  pbyNtologlcal  and  social  poverty,  in  which  the  authors 
(taking  advantage  of  a  recent  proposal  to  issue  medical  report-carda 
for  school  children)  recommend  certain  methods  ol  testing  children 
for  backwardness,  etc.,  with  a  view  to  the  jnsler  distribution  of  state 
aid.  In  the  followins  article,  M-  Sonuler  discusses  the  mental  status 
of  the  bees,  and  decides  (or  intelligence  as  against  reflex  action.  M. 
Treves  contributes  an  clabutale  study  of  work,  fatigue,  aud  effort,  io 
the  course  of  which  he  dcvrrihes  new  instruments  and  methods,  the 
results  of  which  lead  to  valuable  and  definite  re^uUs.  M.  de  Sanctis 
discttssca  the  types  and  degree*  o(  mental  defect,  and  indicates  a 
method  of  teat.  M.  Bourdon  presents  an  experimental  Investigation 
of  the  influence  of  centrifugal  force  upon  the  perception  of  the  verti- 
cal. M.  Blaringbcm  writes  upon  the  idea  of  species  and  the  theory 
of   mutation  as   set  forth  by  de  Vrics.     M.  Binet  enters  a  plea  (or  a 
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philciK>phy  of  miod,  in  tbe  coarse  of  which  he  score«  uamercifuUy 
Haeckel's  recent  RiddUs  of  the  Vnivtrse.  M.  Bobn  criticiseA  the 
teiuis  tropistn,  reflex,  *nd  totelligcnce,  and  seeks  to  atiow  tli«t  the 
work  of  JeanitiRft  it  tbe  coni  piemen t  of  that  of  L,oeb.  M.  Li«r{[Dier  (lea 
BanecU  contriboics  aa  important  aud  very  readahte  paper  on  the 
psychology  of  cvi'icnce.  M.  Binct  enter*  upon  certsiD  qtieation*  of 
Mieuti&i:  pedsgosr,  discaBHing  in  col laboiaiiou  with  M.  Simoo  the 
measurement  of  visual  and  aaditory  acuity,  and  in  collaboration  with 
M.  Vaney  various  tests  of  intelligence  and  the  correct  altitude  to  be 
adopted  ID  writing.  M.  ClaparMc  supplies  a  critical  article  upon  the 
psychology  of  the  conrt-room.  Finally.  Professor  Mach  glres  a 
succinct  account  ol  his  views  Upon  the  rclatiou  of  physics  to  psycbol- 

There  follow  general  revicwa  of  a  number  of  fields  raore  or  les« 
directly  related  to  psychology:  anatomy  of  the  nervous  system  (Van 
Gehocbten),  geoeral  physioloRv  of  nerrecelU  and  fibres  (Friedericq), 
tenaation  (Xncl).  pedagogy  (Chabot).  a.-8thetica  ISourtai>).  liu^JatiC9 
(Meillet),  comparative  psychology  (Bobn),  criminological  sUtistics 
(LacaaWKSe  and  Usrtinj, anthropology  (Denilcer).  Bbuorma]  psychul- 
ofry  (Decroly),  metapsychica  (!)  (Uaxwell),  religioaa  psychology 
(I^Bba).  philosophy  (Malapert),  mental  pathology  (Leroy>,  pathology 
of  tbe  nervous  system  (Cuillain).  Tbe  consequence  of  this  extended 
programme  is  that  very  little  »pace  is  left  for  critical  notices  of  p«y- 
cbological  hooks  nnd  article*;  iw>  that  we  have  the  somewhat  paradoxi- 
cal rcsnit  of  an  Annie  psychohgique  with  the  central  and,  perhnpA. 
the  moat  important  aspects  of  psychology  crowded  out.  The  editor, 
however,  hopes  to  remedy  this  defect  in  future  numbers  by  bringing 
all  tbe  principal  divisions  ai  psychology  within  the  dotnalo  ct  the 
gciicrel  review.  P.  R.  WiKtKfc. 

Outlines  of  thf  Evolution  of  Weights  and  Measurts  and  the  Metric 
SysUm.  By  W.  IIallock  and  H.  T.  WaDK.  New  York.  The 
Macniillan  Co.,  1906.     pp.  zi,  304. 

The  anthors  of  this  work  propose  "to  consider  brie6y  and  system- 
atically tbe  general  history  of  weights  aud  measures,  the  scientific 
methods  by  which  units  and  standards  have  been  determined,  the  con- 
crete standards  by  which  tbe  nnits  are  represented,  and  the  present 
aspect  of  modem  systems  of  weights  aud  measures,  together  with  the 
dimcultiea  and  advantn;;;c5  involved  in  any  proposed  changes."  They 
have  accordingly  aimed  lo  supply,  first,  an  inlroilnction  to  meuo- 
logical  science  designed  especially  for  tbe  student  entering  on  tbe 
atndy  of  physics;  and.  secondly,  stich  a  discuHsion  of  the  present  sia< 
tns  an  may  lead  to  an  iutclligeut  understanding  of  the  issues  involved 
in  the  proposed  adoption  of  tbe  meuic  system  by  English-speaking 
peoples.  The  ten  chapters  into  which  the  work  is  divided  deal  with 
the  beginnings  and  development  of  tbe  science  of  metrology:  the 
original  development  of  the  metric  •yatem;  the  extension  of  this 
system  throoghottt  Europe  and  elsewhere:  the  weights  aud  mcasoics 
of  tbe  United  States;  the  characteristics  and  principles  of  the  modern 
metric  system;  its  use  iu  commerce,  in  numnfacturing  and  engiaeer- 
ing.  and  in  medicine  and  pharmacy;  tbe  international  electrical  unit*; 
standards  and  comparison.  An  appendix  gives  tables  of  eqnivalCDti 
and  nsefal  constauts. 

The  authors  bare  thus  compiled  an  interesting,  and.  so  far  as  tbe 
layman  may  judge,  an  accurate  and  aseful  book.  Themselves  sup- 
porters of  the  metric  nropaganda,  they  have  not  overloaded  their 
p^ea  with  conlTovernial  matter,  but  preserve  throughout  a  tone  of 
acMHtific  impartiality.    Numerous  references  to  original  sonrces  ena- 
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ble  the  re«def  wfao  so  desires  to  pr<Mi«ciite  his  studies  fnKhvr  for  bini< 
seH.  P.  B.  WiMBtt. 

£tsajis.     Von  Wiluklh  Wuni»t.    Zweite  Anflage,  mil  Zusaticn  and 
Aaincrkunxeu.     Leipxig,  W-  Eti)[elituinn,  tfoS.     pp.  vi,  440, 
The  £tsays  of  18S5  hnw  long  been  oat  of  priat,  sad  many  psycbolo- 

Situ  must  aave  eotertsincd  the  hope  tbat  their  atitbor  would  some 
sy  bring  OQt  a  new  edition  of  them:  an  edition  enriched,  pcrhspa  by 
the  addition  of  variouti  important  articles  from  the  Pkuoiophisckt 
Sluditn.  The  new  edition  bas  now  appeared,  and  in  a  guiM  which 
makes  tbe  book  one  of  extraotdinnry  interest.  Prolcft^or  Wuudt  baa 
reprinted  tbe  original  eaaayn  ;;with  the  exceptioa  of  tbe  two  ou  Animal 
Psychology  and  on  Feeling  and  Idea)  practically  without  change,  and 
has  appended  to  each  essay  a  postscript — somctimeti  couaistiug  of 
a  couple  of  bblorical  or  autobiographical  paragraphs,  sometimes 
antouuiing  to  a  new  and  separate  trviitmcnt  of  the  safaject — ezprcsaing 
hJs  present  viewa  upon  ihe  topicit  dis^-ussed.  We  thus  have  before  us, 
in  the  word*  of  the  preface,  "xwei  Kpocheo  wisseuscbaftlkhen  Den- 
keus  in  twei  xeiilicb  getrenuten  Bildem  einander  gegenhbcrgestellt." 
There  is,  probably,  no  single  volume  which  better  shows  lb«  develop* 
ment  of  psychology  during  the  past  twenty  years,  or  which  brings 
home  more  forcibly  to  the  reader  tbe  range  and  depth  of  Wundl's 
infinence  upon  that  development.  P,  K.  Winthr. 

Tht  GtrmcH  Oniversitits  and  (/Mttxtiity  Study.  By  P.  Pat7l.8SH. 
Authorized  translation  by  P.  Tbllly  and  W.  W.  BIwftag.  New 
York,  Chas.  Scribner's  Sons.  1906.    pp.  xrl,  451* 

Professor  Panlsen'a  book  on  German  Universittet  Is,  as  Professor 
Tbiltjr  puts  it  lu  bis  introduction,  "the  most  satisfactory  exposition 
of  university  problems  and  the  most  helpful  practical  gnide  in  solving 
them,  that  has  been  published  iu  recent  yrars."  And  tbe  present 
translation  will,  no  donbl.  satisfactorily  replace  Hart's  "Oermau  Uui- 
Tcrsitics"  for  the  Bnglisb-apeaking  reader;  that  work,  excellent  an  it 
is,  dates  from  1874  aud  is  consequently  quite  out  of  date.  Professor 
Paulsen  first  gives  an  outline  of  the  historical  development  of  the 
German  university,  and  discosaca  the  modem  organisation  of  the  unt- 
versities  and  their  place  in  public  life;  then  proceeds  to  discuss  in 
detail  tbe  function  of  the  university  teacher  and  the  ideals  of  univer- 
sity teaching;  passes  from  teacher  tostndent.and  from  instruction  to 
study;  and  closes  with  an  account  of  tbe  psrticnlar  untversitv  facul- 
ties. The  volume  ends  with  a  bibliography,  a  list  of  the  German 
universities,  and  an  index  of  names  and  subjects. 

The  translation  is  for  the  most  part  acceptable,  if  it  is  by  no  means 
brilliant.  "Talmi-elegauce  "  is  not  a  word  tbat  one  would  care  to  see 
incorporated  in  the  language ;  and  "  It  would  not  be  dignified  to  write 
(or  such  "  is  not  a  sentence  tbat  one  can  qualify  as  even  talmi>elegant. 

H.    E.   HOTCBKISS. 

A   vVrtp  IntfTprelation   0/  Herbard   Piychotogy   and    Eduealional 

Theory  throuf^h  the  ^ilosophy  of  Lgittniz,  by  John  llxvinsoN. 

William  Blackwood  and  Sons,  Bdlnburgh  and   I^ndon,  1906,  pp. 

191. 

Tbii  treatise  is.  with  a  few  modifications,  a  thcsfs  accepted  by  the 

SenHluool  Edinburgh  University  in  1905  for  the  degree  ol    Doctor  of 

Philosophy  and  is,  to  qootc  tbe  words  of  the  author,  "an  attempt  to 

give  a  general,   and.  it  is  believed,  a  new  inlcrpretation  of  Herbart's 

psychological  and  educational  theories  so  as  to  sfaow  the  adequacy  of 

nia  fundamental  conceptions  to  meet  at  least  some  of  tbe  demands  of 

a  science  of  cdocation.    In  particolar,  there  la  an  attempt  to  show 
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first,  that  Hcibart'a  pavcbologtcal  BtsnilpoiDt  is  th*  only  int*Iligifale 
and  workable  Btandpoint  for  thr  practical  teacfacr:  and,  secoad,  tbat 
from  this  standpoint  Buch  definite  connotations  can  be  given  to  the 
terms  sopI  or  mind,  koowiog,  (ecline,  mil,  intrreitt,  and  habit,  that 
the  terms  so  connoted  become  scientific  and  guiding  concepts  for  edu- 
catiooal  practice." 

The  sntfaor  first  dii>cDii*eii  some  of  the  critics  of  Herbart,  dissentiog 
from  those  who,  from  the  Kantian  point  of  view,  regard  the  theoretical 
(onndations  of  Herbert's  nedngogy  at  thoroughly  unstable,  and  frotn 
tbe  position  taken  by  Dr.  tlayward  »uii  other  Ilerbattiaus,  who,  while 
admitting  tbe  incomplcieness  or  even  crroneonsncss  of  Hcrbart'B 
metapbysiON  and  psychology,  maintain  that  this  in  no  wny  mititatca 
agsiost  tbe  practiul  value  of  bis  nlncatioDnl  doctrioen,  which  w«r« 
not  deduced  from  his  v^i'^^'^V^y-  ^-  I^'vidson,  un  the  contrary. 
maininjiis  that  if  tbe  Herhartiaii  theory  of  education  work«  in  prac- 
tice,  it  implies  a  tound  p«vcholo)(ieal  theory  and  that  tbe  logical  pro- 
cedure Is  to  question  whether  Herbart  bas  been  rightly  interpreted, 
rather  thon  to  assume  acontrsdic-tton  )>ctwr<-n  theory  nnil  (act.  lie 
finds  tbe  key  to  Herltart  in  the  i>liilaM)pbj' of  I,cibni<  and  throngb 
tliiii  offers  a  new  Interpreutiuu  of  nerbwrt.  Id  order  to  make  tbe  re- 
lation ricar.  he  devote*  three  chapters  to  the  Leihniiian  philosophy, 
discussinif  successively  Leibniz's  pblloeopbical  principles,  his  psycho- 
logical standpoint,  and  hlA  theory  of  feeling  and  will.  Ue  then  pro- 
ceeds to  dincuNH  Herbart's  ^ycboloKical  standpoint  in  cotiipan«on 
witfa  that  of  Leibniz,  beginning  with  his  definition  oi  soul  and  takiss 
np  point  by  point  tbe  itimilari ties  and  difference*  of  the  two  systems  ana 
•bowing  that  the  latter  ate  more  in  seeming  than  in  reality.  He  then 
discusKs  infs  similar  way,  Herbart's  theory  of  preseotation,  theory 
of  feeling,  theory  of  will,  and  concept  of  interest,  sammaritiug  tbe 
main  points  of  his  argument  as  follows:  "Soul  life  is  life  in  and 
through  prcsentalioDB  and  knowledge.  Will  is  the  movement  of  pre- 
sentations or  knowledge,  and  meaningless  when  regarded  as  separable 
from  knowledge,  Hence  right  knowledge  ix  movffftfnl  will  imply 
right  willing.  Bat  tbe  soul  life  can  be  babitaatcd  to  move  in  right 
picacutaiious  or  knowledge  by  the  educative  iustruction  of  ibe  educa- 
tor, which  secures  tbat  tbe  risbt  prescn'.ations  are  sufficieuitv  often 
repeated  in  the  sonl-life  to  become  habituated  soul  activities.  Tbe 
conception  of  the  'Memory  of  Will'  ia  adopted  by  Herbart  to  account 
for  the  growth  of  this  babituated  sonl  aciiviiy.  Tbe  vaiious  habitn- 
aied  activities  ultimately  form  tbe  soul-life  into  an  organized  instrn- 
ment — an  oiganon  cailed  interest — which  wills,  in  the  truest  and 
bigbest  sense  of  willing,  the  moral  life  of  tbougbi  and  action."  Then 
follow  chapters  on  tbe  fallacy  of  formal  education,  individuality,  and 
many  sideii  interest,  and  interest  versus  iielf-realixatiuu  aii  tbe  first 
principle  of  edncatlon.  The  book  is  throughout  clearly  and  logically 
written  and  is  a  valnable  contribation  to  the  philosophy  of  education. 

Thbodatb  L.  SsnTH. 

The  Origin  0/ Li/e,h7}.'RvtiMK  Bubkk.  Chapman  &  Hall,  London, 
1906.  pp.  351. 
In  Nature,  May  zstb,  1905,  Mr.  Burke  published  a  tbort  acconot  of 
experiments  carried  on  by  bim  in  tbe  Cavendish  Labaratory  at  Cam- 
bridge, wbicb  evoked  great  interest  and  much  discussion.  A  some- 
what more  elaborate  account  appeared  In  the  September  number  of 
tbe  Fortnigbtly  Review.  These  eiperiment*  denlt  with  rertain  forms 
of  radio-activity,  and  in  tbe  course  of  tbcm  itr.  Burke  discovered  cer- 
tain minute  bodies,  which  he  named  rndiobes.  and  which  he  claimed 
exhibited  certain  characteristics  of  living  matter.     He  characterizea 
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tbem  as  (ollowa:  Radiobea  sre  "aeitber  cryitalltoe  nor  colloids  id 
diBgnise.  tboaitU  coIIoMe  in  the  SKgrcKatc.  bat  ttometbinK  more,  and 
crystals  in  their  constituent  parts."  They  differ  from  both  in  "pos- 
MAStDe  tb«  cleinents  of  vitality  in  a  [iriuiitivc  aufl  undcvclopetl  state." 
The  wtdesprcs<l  interest  in  these  experiments,  nowelahoratrd  in  book 
form,  was  doc  to  the  fad  that  ihey  dealt  wilh  the  qnestion  of  apoii- 
taneons  xenerstioti  in  a  uew  form.  Not  that  Mr.  Burke  iti  the  only 
investigator  at  work  on  this  problem,  as  Raphael  Dubois,  M.  Benedict 
«Dd  Rcnaadet  hare  ail  published  researches  alon^  this  line,  but  Mr, 
Burlte'sbook  is  the  &rst  eictcaBirr  HaKllsb  poblicatioo  dealing  with 
this  phase  of  the  aabject  whose  problem  is  not  of  known  orgaoisma. 
bat  of  the  character  of  hitherto  iinknowu  bodies  which  some  expcri- 
menterg,  aniouK  whom  is  Mr.  Burke,  are  inclined  to  coDsider  as  living, 
while  others  regard  them  merely  as  peculiar  crystals,  baring  possibly 
traces  of  or^fBuic  impurities  miii};le<i  with  them.  The  prodiic1ic>n  ntid 
behavior  of  Mr.  Bnike's  rfldiobes  is,  briefly  stnted,  as  follows:  When 
sodium  bromide  is  allowed  to  drop  npon  beef  gelatine  contained  in  a 
sterilized  tube,  by  means  of  a  small  inner  tnbe  which  can  be  broken 
without  opening  the  test  tube,  after  ao  interval  of  abont  Iwcoty-fonr 
hours,  minute  bodies  appear.  Tbcac  bodies,  according  to  Mr.  Burke, 
develop  a  nucleus,  grow,  and  after  reaching  a  certain  size,  subdivide. 
This  subdivision  constitutes  their  stronKest  claim  to  life  and  is  de- 
aomiuatcit  by  Qlr.  Burke  as  "reproduction  of  a  degenerative  sort," 
since  the  cycle  is  not  continued  when  subcultures  are  made.  But 
Strangely  enough,  in  view  of  its  fundamental  importaucc  for  Mr. 
Bnrkc's  theory,  he  nowhere  hints  at  having  subjected  these  bodies  to 
continuous  observation  which,  however  tedious  and  wearisome,  would 
be  a  necessity  for  sclcuiific  thoroaghucss  and  accuracy,  not  do««  he 
claim  even  to  have  sceii  the  actual  process  of  division.  The  statemeut 
that  they  do  divide  is  apparently  au  inference  from  successive  appear- 
ances under  the  niicroBcop?,  but  how  eaiily  juxtaposition  may  be  mis- 
taken for  Gssiou  is  a  matter  well  known  lo  microscopists.  An  excel- 
lent example  of  these  appearances  maybe  found  in  RRiiiey's  fignres, 
rcptodnccu  iu  Bastian'sBegiDuingsof  Life.  But  admitting  tbatfissioD 
did  occur,  it  is  not  shown  in  what  Bpeci6c  ways  it  differs  (rom  the  fii- 
slou  observed  in  experiments  with  fatty  matters  derived  from  dead 
animal  sabatanee.  Moreover,  radiobea  arc  .wlnble  in  warm  water,  a 
(act  difficult  to  reconcile  with  any  generally  accepted  theory  of  condi. 
tiouB  under  which  life  first  appeared.  A.  L.  Herrera,  io  the  Revue 
Seieniifique  ol  Feb.  17.  1906.  thus  expresses  his  opinion  aa  to  the  na- 
ture of  these  bodies.  "As  far  as  Bittke's  radiobea  arc  concerned,  they 
would  appear  to  be  simply  accidental  crystals  of  carbonates  of  bariom 
and  calcium,  swelling  in  organic  liquids  or  media.  .  .  .  These 
crystals,  which  have  hccu  studied  conacientiously  by  Harting  aud 
Raineyi  are  attackable  by  weak  acids,  which  hare  an  albuminoid  or 
fatty  nucleus." 

As  a  whole  Mr.  Burke's  book  bears  the  marks  of  having  l>e*n 
hastily  thrown  together.  The  few  references  are  so  iucomplete  and 
inacrnrate  as  to  be  practically  worthless,  and  important  theories  and 
experiments  are  quoted  wilh  do  cine  as  to  their  date  or  place  of  pubti* 
cstioo.  The  chapters  in  which  Mr.  Bnrkc  records  his  own  experi- 
ments, where,  if  nowhere  else,  the  reader  has  a  right  to  expect 
accuracy  aud  clearness  of  sialcment,  leave  one  with  a  good  deal  of 
uncertainty  as  to  the  methods  of  observation  and  actual  progress  of 
the  experiments,  and  an  error  in  the  numbering  of  the  plates  make* 
the  references  to  the  various  appearances  which  they  are  supposed  to 
illustrate,  unintelligible.  It  is  to  be  regretted  that  the  publicalion  of 
this  book  was  not  deferred  until  it  conld  be  completed  in  a  more 
accurate  aud  scientific  form.  ThhddaTB  L.  Smttb. 
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n«  Unit  of  Sirift,  by  B.  K.  CaKROD.  Loogmsns,  GrecD  &  Co.,  New 
York,  1905.     pp.  194. 

tn  this  interesting  volume  the  aathor  sbowa  liow  the  struggle  for 
life  amouj;  individuals  baa  given  place  to  strnggle  among  larger  and 
larger  anits.  while  co-operation  haa  taken  the  place  of  stzuKKlc  among 
the  individnata  making  up  the  larger  nntt.  Nations  are  on  the  old 
baataof  the  atraiulc  fur  existence;  but  the  individuals  forming  ■  nation 
muat  co-operate  if  the  larger  unit  ia  tobeatrong.  This  difference  io  the 
basis  of  activity  for  states  and  Individuals  gives  rise  to  a  different  code 
of  roorala  for  the  two. 

The  larger  pait  of  the  book  is  devoted  to  UacioK  the  transformation 
of  man  from  competitive  individnaiism  to  aympathctic  co-operaiion. 
The  great  instruments  of  thia  transfonnattou  have  been  rcligioa  and 
law.  These  instruments  have  not  overcome  the  force  of  selection 
entirely,  but  the  process  of  aocialization  haa  been  hastened  as  lodiTido- 
ala  have  come  to  comprehend  ihe  laws  of  aocial  solution.  Those 
natious  will  be  most  likely  to  survive  that  have  religious  systems 
moat  conducive  toco-operation.  The  religious  idea  must  be  a  pro- 
gressive one. 

The  book  is  sufjgestive,  but  it  is  aomewbat  one-«{ded  in  its  treat- 
ment. Struggle  between  individuals,  which  is  siill  of  immense  im- 
portance in  progress,  is  relegated  to  the  background,  and  religion  is 
treated  merely  as  a  socializing  force  and  ia  not  recognized  as  a  means 
of  indiridaal  development.  F.  A.  BnsBHB. 
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Die  lloffnungitosigktit  aiUr  Ptyckologie,  ttxa  P.J.  MSbics.  Carl 
Marbold,  Hallc,  1907,  pp.  69. 
This  in  a  most  noteworthy  publication.  The  author  has  studied 
thoroughly  ibe  systems  of  the  theory  of  knowledge  in  its  various  aa- 
pecta  and  at  the  end,  like  Faust,  finds  himself  convicted  of  lEUoiance 
and  penetrated  with  a  dense  o(  hopelessnesa.  Thi-i  i»  an  almost  in- 
evitable logical  result.  Inileed,  we  have  been  waiting  for  years  for 
some  one  to  draw  this  Inference.  Once  grant  the  assumption  that 
Ihe  soul  ii  best  informed  about  its  own  proceasen  and  that  the  exter- 
oat  world,  as  well  as  our  personality,  ia  but  a  uaiverM:  ntiil  there  ■«  no 
Istoe,  save  in  pessimism  and  Oepair,  for  coa»ciousness  lives  in  a 
charmed  circle  which  it  can  never  transcend.  Toour  thinking,  how- 
ever, the  issue  i*  not  despair,  but  the  only  loo  long  delaved  collapse 
of  this  method  makes  all  the  more  plain  and  mandatory  tlie  necessity 
of  a  method  which  frankly  assigns  priority  to  the  things  of  sense.  But 
this  is  a  long  story. 

Modifiabxlity  >m  Behavior.     Factora  determining  direction  and  char- 
acter of  movement  In  the  earthworm,  by  H.  S.  Jshnings.      Re- 
priutcd  from  the  Journal  of  Hxperimcatal  Zoology.     Volume  HI, 
No.  3.     Baltimore.  1906,     pp.  435-455. 
Professor  Jennings  has  been  at  work  these  many  years  in  studying  the 
behavior  of  lower  uuieellnlarorgaiiismgi  and  has  here  brought  together 
in  a  more  comprehensive  way  thau  in  bis  Carnegie  publication  the  re- 
sults of  his  work  on  am^ba.  bAclerln,  paramecia  and  other  infusoria. 
He  haa  also  done  much  work  on  the  lower  metaxox  and  here  analyzes 
tbeir  reactions  to  light,  foo<l.  etc.     Two  most  intercating  chapters  are 
upon  the  development  of  behavior  and  its  psychic  relations  in  lower 
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orgauUms.    No  one  has  done  sncb  careful  and  thorough  work  ao 
Dear  tbe  beKtDoings  of  Kenctic  psychology. 

Studigj  in  Philosophy  and  Psychology .  by  former  students  ol  Charles 
E.  Carman,  in  commemoratiou  of  iweuty-firc  years  of  lervice  oa 
teacher  of  (ihilOAophy  in  Amherst  College.  Houghton,  Mifflin  St. 
Co.,  BoitoD,  1906.  pp.  4t]. 
Thirteen  oritcinat  contribaiions  by  bis  former  stndenta.  including 
BQCh  names  as  ProfcsBora  Tofls,  of  Chicago;  W.  F.  Wilcox,  of  Cnrncl  I; 
P.  C.  Sharpe.  of  W.sconniu;  P.  J.  E.  Wuodbridgc,  of  Colmiibia;  E.  L. 
Xortou,  of  WeBleni  Reserve  Univ.;  W,  L.  Raub,  of  Kuox  College;  E. 
W.  LyniBTi.of  Bangor  Tbeological  Seminary;  E.  Delcbarre,  of  Brown; 
E-  J.  'Swift,  of  Wnabiugtoo  Univeraity;  A.  H.  Pierce,  of  Smith;  R.  H- 
Wood worth,  of  Columbia,  are  here  printed  id  their  dedicatory  rolutoe 
commemorative  of  Professor  Oarman's  Iwenly-hve  years  aa  a  teacher 
of  philosophy  at  Amherat  Collcf-e.  lu  Hcu  of  preface,  a  letter  ad- 
dressed to  Dc.  G.  Siatiley  Hall,  several  years  ago  and  printed  in  the 
Ameruanjoumci  oj  Psychology,  is  here  reproduced,  aa  it  is  Profes- 
sor Garnian's  best  cxplsDntiou  of  bis  system  and  bis  theory  of  teach* 
ing.  Any  academic  professor  would  be  proad  of  such  pupils  and  of 
such  a  token  of  their  respect.  Professor  Oarman's  work  has  been 
qoite  unique,  ai  be  has  refused  to  be  seduced  into  extreme  posilious 
of  the  epiMemoIogislA  and  has  wrought  out  a  system  of  philosophy, 
whicb  white  often  criticised  (or  being  esoteric,  seems  to  be  admirably 
adapted  to  deal  with  the  callow  doubt  of  college  aiudenta  ia  a  way 
that  doea  not  force  upon  tbeni  premature  couclusiona  and  which 
stimnlatcs  those  who  Lave  the  ability  U>  go  on  and  become  experts, 
and  which,  at  tbe  saoie  time,  lays  a  firm  ethical  foundation  for  con- 
tact with  life.  PreclEcly  what  thia  system  is.  Professor  Garman'a 
colleagues  are  curious  to  know  and  manv  have  criticised  bio  methods 
of  makiDg  all  his  in&tiuclion  so  personal  and  conGdeullal.  Probably, 
like  all  vital  growing  minda,  Dr,  Onrman  ia  constantly  recasting  and 
improving  and  tho»e  wbn  wail  will  in  the  md  be  gainera  by  the  delay. 
He  certainly  avoids  more  succcttfuUy  than  any  otber  vigorous  and 
original  mind,  any  danger  of  immature  ezpreislon  by  printing  bis 
•yatcm  prematurely. 

Tk«  SyllegistU  Philosophy  or  ^olegomena  to  Science,  by  Prakos  E. 
Abdot.  Ultle,  Drown  St  Co.,  Boaton,  1906.  Vol.  1,  pp.  377.  Vol. 
".  PP-  376- 
We  welcome  heartily  these  two  stately  and  well  gotten  up  volumea 
as  an  original  contribution  by  one  of  the  most  acute  minds,  in  this 
field,  that  this  country  has  ever  produced.  The  work  was  left  incom- 
plete St  tbe  tragic  death  of  its  author,  whose  wife,  with  commendable 
piety,  has  finished  and  brought  it  out.  Dr.  P.  E.  Abbot  began  life  sa 
editor  of  the  Index,  a  journal  of  free  religion,  and  leader  of  the 
liberal  religious  movement  in  this  country.  Both  tbe  man  and  the 
Journal  were  gratefully  received  and  did  a  great  deal  to  clear  up  the 
altra  orthodox  atmoaphefc  of  Kew  England  and  of  the  country  at 
large.  He  later  abanuoned  this  work  and  came  over  to  philosophy 
(or  whicb  he  had  remarkable  aptitude.  No  one  that  ihe  writer  of  this 
note  has  ever  met  has  been  endowed  with  greater  power  or  more 
subtlety  to  trace  the  ultimate  end  of  the  very  many  aerious  wsya  of 
philosophical  thought. 

The  Hygiene  of  the  Mind,  by  T.  S.  CloUSTON,  M.  D.     Methueo  & 
Co..  London.  1906.     pp.  Hi^. 

Dr.  Clouston  Is  now  the  head  of  the  moat  important  Institation   for 
tbe  care  of  insane  in  Scotland,  snd,  in  view  of  the  fact  of  tbe  volame 
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of  tbe  pablicstionn  of  bis  popils,  miiy  altnost  be  called  n  founder  of 
tb*  cnrrrnt  Scotch  School.  He  mtid  n  group  of  younger  men  fibont 
him  arc  not  distracted  by  tbe  problem  now  so  extended  in  this  coua- 
try.  whether  the  bocii  of  sclcDtiSc  etndy  here  is  ncurologlcftl  or  syft- 
tetnfltic,  but  they  seek  to  look  nt  tbe  whole  individuality  nod  not  to 
lose  light  of  brsin  mecliKnisin,  heredity,  temperament,  social  in- 
stinct's, emotion,  bodily  disease*,  hygiene  and  mfttiuera,  blood,  work 
and  fatigae,  subjects  wbtcb  constitute  tbe  headings  of  the  chapters  of 
this  book.  Two  periods  of  childhood,  one  from  birtb  to  seven,  and 
the  other  bctwrcn  the  age  of  seven  and  tifteeu,  and  the  ten  years  of 
■uloIeKcence  are  discussed.  Sex  questions  and  stimulus  are  also  in- 
cluded in  the  broad  Wcw  of  the  anbject  taken  by  Dr.  Cloustoa. 

Harvard  PsycMological  Studies.    Vol.  a.     Edited  by  Hugo  MiTNSTjja- 
HBBG.     Ilonghton.  MifHIn   &   Co..   Riverside   Press,  Cambridge. 
1906.     pp.  644. 
We  bave  here  the  second  volume  of  these  important  studies,  which 
comprise  something  over  a  score  of  papers  classified  as  optical  studies, 
fccHuK,  aMociation,  appcrcepliou,  attention,  motor  impulses,  and  ani- 
mal psycboloKY'     Such  a  number  of  papers  are  uaturally  of  very  un- 
etiaal  value,  but  among  the  mnlliplictty  of  such  siuriieait  iosoraethinf; 
to  say  that  mo«l  of  these  really  seem  to  make  contrlbutioDs. 

Inititttts  Soivay.     Thtva»x  dt  r/nstittti  de  Sociotogit.     Notes  and 

Memoirs.  Bruicelleset  Lelpxlg,  1906. 
These  works,  admirably  printed,  represent  the  work  of  the  Soivay 
Institute,  which  may  be  called,  perhaps,  the  Carnejfie  Institute  of 
Belgium.  The  importance  and  extent  of  these  publications  limits 
our  givinjt  any  adequate  description  of  their  contents.  Suffice  it  to 
Bay  that  they  stand  for  tbe  Ije^i  collection  of  icientific  work  which 
the  conntrr,  already  distinguished  for  its  savants,  can  produce.  They 
will  be  indispensable  to  express  knowledxe  of  tbe  departments  rep- 
resented. 

Brain  and  Personality;  or  the  Physical  Relations  of  the  Brain  to  the 
Mind,  by  Wiluau  Han.na  Thomson.  Dodd.  Mead  &  Co,,  New 
Vork.  J906.     pp.  3J0. 

Thin  eminent  practitioner  has  here  attempted  to  bring  togetber  the 
results  of  his  own  rich  experience  on  tbe  relations  between  urain  and 
aoul.  While  the  author  is  no  doubt  well  read,  the  work  givct  little 
trace  of  eruditinn  and  is  encumbereii  by  almost  no  notes  or  references. 
After  an  historical  introduction  and  a  brief  account  of  the  physical 
basis  of  tnind,  he  discn<scs  brain  weight,  its  significance  a*  a  double 
organ,  speech,  the  evolution  of  tbe  nervous  sysleni,  sleep,  and  makes 
various  practical  applications. 

The  Nervous  System  of  Vertebrates,  by  J.  B,  Jounston.  P.  Blakieton, 
Son  &  Co.,  Philadelphia,  1906.     pp.  yfo. 

The  writer  here  sets  forth  with  admirable  Incldity  and  with  the  aid 
of  180  diagrams  the  present  status  of  our  knowledge  of  tbe  nervous 
system,  beginning  with  its  development,  element*,  functions,  tbe 
efferent  system,  including  tbe  sense*,  the  viacerat  and  sympathetic 
centres,  those  of  correlation,  etc.  It  is  a  work  that  should  be  in  the 
bands  of  every  studrut,  for  it  is  just  now  the  most  concise  summary 
of  tbe  recent  results  of  science  wlttiont  being  very  much  butdeoed 
with  technicalities. 

Proceedings  0/  the  Society  /or  Psychical  Research.  Vol.  ao,  Part  3, 
OctotMr.  1906.  Robert  Macljchosc  &  Co.,  Ltd.,  Glasgow,  1906. 
pp.  439. 
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Die  Morfihologie  der  Mistbitdunfeit  de%  Menschen  und  der  Tiere, 
von  Krkkst  ScMWAi,SE.  I. Tie!.  AllKemcinc  MfMbilHungvtchre. 
(Teratologic.)  CaaUv  FiBcbcr,  Jvna,  1906.  pp.  330. 
Here  vre  bcTC  in  r»ther  condeoited  lorm  a  very  coinpretieDsive  view 
of  tlic  theory  cuncvrninj;  tnoiiKtcra  and  deroiinities.  The  ckaptern 
arc  written  with  churacterJstic  German  exhaust Iveness  aod  couipri»« 
the  history  of  tlic  idea,  the  literatnre,  relation  to  relate<l  sciences,  the 
contrihution  of  ex  peri  men  tnl  influences  npon  developmenl  hiHlory, 
rCKCneration.  coniparutire  anatomy  antl  beretiity,  pliysiuloKy,  tb« 
time  At  which  temtological  infliiencefi  ore  tufwt  cfftttivc  Anfl  common, 
tbelr  can»e,  the  effects  of  certain  mal-forniation*  of  the  ijcrm,  of  tu- 
mort,  amuiogcse,  the  relations  to  sex,  and  finally  the  cuDlcal  treat- 
ment. Many  of  tbese  topic*  arc  illtistratrd  by  cots  often  from  9peei< 
men«  of  the  author.  One  of  the  ino>t  IntrreKtinK  of  all  the  original 
chapters  is  u  pediKrec  of  eight  generations  of  "bleeders"  of  a  family 
oristnally  called  Mampcl.  und  in  the  last  een^ration  having  snme 
eignty-five  iIcscendantK.  The  (nther  wnn  a  Tileeiler  and  two  tif  his 
eleven  children  died  of  this  disorder.  It  would  »e«m  that  only 
boys  are  bleeders  end  tbnt  they  never  trnnsniit  this  tendency.  Girls 
■re  never  bleedera  bat  do  trauamit.  If  this  all  is  true,  it  is  of  the  ut< 
most  Imporuncc  for  the  doctrine  of  heredity. 

Haida  Texts  and  fifyt As.    Skidegate  Dialect.    Recorded  by  John  R. 

SwBDton.     Smithsonian  Institution,  Bnrcan  of  American  Ethnol* 

ogy,  Bulletin  39.     Government  Printing  Office,  Washington.  190S> 

pp.  448. 
The  texts  and  uiytha  here  printed  were  obtained  on  the  Qneen 
Charlotte  Islanda  of  British  Columbia  during  the  year  oi  1900-01. 
About  8$  pages  are  devoted  to  text  itself,  on  the  right-haud  page,  and 
the  translation  on  the  left.  The  remainder  of  the  book  is  devoted  to 
Bngliali  translation  of  tales. 
A  Sfcond  Life,  by  S.  Tolvrr  Pnastox.    For  private  circulation. 

f903.     pp.51. 
Braini  and  Brain  fYeserva/ieei.hy  Ai,Hs   Hrdlicka.     Procecdingt 

of  the  United  States  National   Museum.     Vol.  XXX,  pp.  345-33a. 

Goverment  Printing  Office,  Washington,  1906. 
tVannate  and anoMtaU  farbcmysfeme,  von  A.  KiRSCnuAMK.     Archiv 

lUr  dif  gecnnitr  I'MychoIogie,     VI,  Bd.,4  Heft,  pp.  397-414.      Wil- 

belmEngelmatin,  Leipzig,  1906. 
Das  Wesen  des  menuhlifhen  Stelen-  und  GeisUsUltens,  von  Dbhthold 

Kkrm.     AuKUitt  Himchwatil,  Berlin,  1905.     pp.  ijo. 
Phitolatii,  by  Wu.  Rouainu  Nhwuold.     Archiv  fiir  Gescbichte  der 

Pbilosophie,  1905,  Vol.  [9,  pp.  176-317.    Gcorg  Rcimer,  Berlin. 

Le  Mensonge.    Ktude  de  PsyeAosocialogie  Faihaiagique  <t  NormaU. 

Far  G.  L.  DdpraT.     P*1ix  Alciiu,  Paris,  1093.     pp.  190. 
/.  Nate  sur  de^ormmlesd' intra  duiiion  a  f4*iergJtt^U€,  physio- et psycho- 

soiio/ogigue,  par  B.  Solvav.     Brnxcllcs  et  Leipzig,  1906.     pp.  36. 
*.  Esquisse  tCume  Soeialogia,  par  K.  W'ArwKir.BR.     Brnxelles  el  Leip- 

liK,  1906.     pp.  306. 

3.  Ln  origins  naturellfs  de  la  pro^iU:  Estai  de  socioiogie  torn- 
parie,  par  R.  PsTRtJCCt.      Bruxelles  et   Leipzig,   1905.      pp.  446, 

4.  Snr  qttelgnes  erremrs  de  mithode  dans  I'itude  de  thomme  primi- 
tif:  Nous  critigues  par  L.  WoDON,  Brnxelles  et  Lcipdg,  1906. 
PP-  37- 

5.  L'Aryan  et   I'anthrvposaeiologie:   Etnde  tritigne  par  le  Da.  E. 

Houzft.    Braxelles  et  Leipzig.  1906.    pp.  117. 
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6.  Mesare  des  atfiadJcs  inielieauiile  it  energitique  p«t  Cb.  Hhnkv, 
a»ec  remaKiue  additionelle  par  H.  WAXW8ir.R8.  Bruxcllei  et 
Lcipiig,  1906.     pp.  vs. 

7.  Orifiue  Potyphytettquc,  homotypict  et  non-comparabitiU  des 
soeiiUs  ammaUi  p«r  R.  PBTBOCCt.  Bruxellcs  el  L^psig,  1906. 
pp.  r26. 

Lrib   and  Setie,  Darstetlung  und  Kritik   der  neueren    Theorien   des 

VerhMltnisses  swiuheK  physUehfm  und  J>syfHisfkem  /?asrin.  van 

Dr.    RudolP   BiSLEH.     Johaan    AmbrcMiu*  Barth,  I^ipzig,  1906. 

pp.  317. 
OuiltHe  of  the  Vedanta  System  of  J^ilosophy  accordime  to  Shankara. 

by  I'AOI,  DnosSKW.    Translated  by  J.  H.  Woods  aad  C.  B.  Rookie. 

The  Crrafton  I*re«B,  New  York,  1906.     pp.45. 
Space  and  Geometry,  in  the  light  0/  phyiiologicat,  psychological  and 

physical  inquiry,  by  IJR.   Krnrst   Mach.     TranaUted   from   the 

Gertnan  by  Thomas  J.  McCotmack.     The  Open  Court  I'nblittitng 

Co..  ChtcaKO,  1906.     pp.  148. 
CoH/ri&uto  aila  DoUrina  delle  A/asie.  pel  Prop.  I..  Biawcbi.    R. 

Tiprt^afia  Prauccsco  OianDiui  He  Figli,  Napoli,  I906.     pp.  $i. 
Psychic  and  Ecoiomii  Jiesvlts  0/  Man's  Physical  Uprightness.     T.  W. 

Hei»buak.     Paaadena,  Calif.,  1906.      pp.  103. 
Die  H^elt  ats  Widerspruch.    G.  F.  KromphjUidt.      Niagara  Palla,  N. 

v.,  1906.     pp.  23. 

Cesare  Lomirroso  e  La  Fitosvfia  Scientifim.  Psoy.  Enhico  Morselli. 
Torino.  1906.     pp.  354-384. 

L'ateoot  e  le  tnalatlie  del  tistema  nervosa,    proluaioue  del  Prov.  L. 

fliANCHi,     G.  CivelU,  Napoli,  iyu6.     pp.  27. 
Anemia  in  Porto  Rico.   Preliminary  Report.  San  Jnan,  1906.  pp.  M. 


REPORT   OF  THE   RECENT  MEETING   OF   THE  AMERICAN 
PSYCHOLOGICAL  ASSOCIATION. 

The  Fifteeath  Annual  McetiiiK  of  the  American  Psychological  Amo* 
ciatioti,  in  afCUatton  with  ihe  Auiericaa  .\saociatioD  for  the  Advaooe- 
ment  ai  Science,  the  American  Society  ol  Naturaliat-t  and  the  Ameri- 
cau  Pbiloatuphicat  Assm:iatioti  wsh  held  at  Colainbia  Uuiversity,  New 
Vork  City.  Dec.  27.  aS,  and  39,  1906.  After  lislenjug  to  aa  address  of 
velcooie  by  Pre*.  Ratler,  the  Brat  regntar  seaaion  was  held  at  lo.to  a.. 
u.,  in  the  psycfaoloKJcal  lecttire-room  in  Schermecbom  Hall.  Thia 
Mssloa  was deTOtdTto  a  discuaaion  of  the  aubjecii  Organized  Co-op* 
eration  in  StanrtanUiing  Pwholojtical  Tests.  Opinion  aeemed  to  he 
almost  uaaDimou»a«  to  thr desirability  of  such  standardixinfr, but  there 
was  some  difference  of  opinion  as  to  how  beat  to  acconplisn  it.  Pro* 
feasor  Angell  thonghl  it  best  to  begin  with  the  simpler  tests,  while 
Professor  Judd  would  not  limit  the  Tint  to  thcae.  Prof«»aor  Ptllsburg 
suggested  that  first  of  all  this  standardization  meant  work,  bard  ana 
long,  for  all  our  laboratories  before  any  committee  could  undertake 
to  prescribe  what  should  be  done.  The  question  was  left  in  the  hands 
of  a  committee  of  seven  to  report  on  the  advissblllly  at  a  later  sea- 
■ion.  Their  report  favored  placine  this  work  in  the  hands  of  ■  com- 
mittee of  five  and  it  was  so  adopted. 

On  Thuraday  aftcntoon  the  pspcra  wercas  follows:  Professor  Simou 
Newtotnb:  The  EsUmatioH  0/ Visual  Space  Magnitudes.  The  apeak er 
bcoaght  a  wealth  of  fresh  examples  to  iUnstrate  the  accuracy  of  estl- 
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mation  of  leOKtb,  bow  wcbm  lh«  »ng}e  ■abteoded  by  tb«  object  tni 
yet  are  not  accume  in  onr  eBtiaation  of  adsIcs  atoue.  anA  of  tbe   fict 
tbat  we  depend  largely  ou  inteinal  iiuaxes,  oy  which  tie  wouhl   ntenD 
wliBt  paycho1<>f(i*t«  express  by  tbe  ■lub^tlve  elemeut  in  vicnal  tpace- 
perception.     Prof.  Baldvin  poiutetl   out    thai   instinct  conld   furni«b 
auimaU,  such  k*  the   cliick,  twitb    tbis  tiibjeciire  basi«  for  accmatc 
ipace  perception.    /*".  Lyman  U'e/ls:  A  Scientific  Criterion  of  Literary 
Merit.     Ten  literary  men  ol  America  wen  rated  by  the  members  of  a 
graduate  cinb  of  Columbia  University.      Some  of  the  pulnu  itritded 
were  imagiuutioD.  cIeAraes>,   tiuisb,  euphony,  and  wiioleaomeneu. 
Such  B  study  tells  ns  less  about  the  men  rated  than  of  the  men  doing 
the   ratioK.     It  also  abowa  tbat  tbia  group  of  literary  men   ia   more 
botnogeneous  tliaii  tbe  scieaiists  studied  in  a  like  manner  a  few  year* 
aKU.     It  it-lla   us  little  of  those  falling  in  tbe  middle  gronp  but  more 
of  tliow  in  tbe  lowt-i  and  bij^ber,     George    iV.  Stralton:    The  Photpg- 
raphv  of  Ocular  MovemeHls,      The  speaker  uses  ibe  reflection  of  a 
point  of  lifcht  on  Ibe  ^e  in  tecording  ocular  movements.  Vtnt.  Jndd's 
excellent    wurk,    he    feared,    would    leaii    to    the    inference    that    bis 
method,  tUe  placiug  of  a  panicle  of  white  on  the  eye  and  pbotofiraph- 
iiig  the  movement  of  that,  whs  the  only  method   possible.     Acinnl 
negatives  were  used  as  slides  to  show  tbe  iriejfulur  movement  of  tbe  eye 
in   tracine  a  square,  a  circle,  an  imaginary  circle,  etc.     In  discussion 
Prof,  judd  inaiiitaiued  that  his  method  allowed  of  ticttcr  Interprela^ 
tton  of  rfsulls.     Raymond  Dodge:  Minimum  Expoittre  in  Sxfieri- 
mentai  Studies  of  Reading.     It  is  a  mistake  to  reduce  exposure  times 
in   rcHiliii)^  tests.     Eye  movement  is  relatively  stow.     Hnlucetl    time 
does    not    necessarily  limit    pbysioloKlcil  excitation  aud  the  mental 
processes  are  not  thereby  made  simple  and  parallel.     Illumination  of 
tile    pre-  and    po«t.ezpo«ure   tiel'ds  may  modify  rdtults.    /.   Carleton 
Rett:  Studies  in  Binocular  Depth  Pereeption.    The  tests  were  mB<le  in 
the  Harvard  laborntorv  by  nieana  of  two  dota  of  light  which  by  means 
of  *cr«wa  seemed  to  approach  the   sntnect  as  they  were  bronxbt  to- 
gether or  recede  as  they  were  scparateu,  and  could  be  combined  aiere- 
oscopicalty.  The  author concluaet  tbat  binocular  depib  perception  it 
«  function  of  accommodation  and  cotivcrgencr.     In  many  cases,  how- 
ever, there  is  a  ((renter  or  less  dissociation  of  the  two  when  accommo. 
datiou  play*  tbe  chief  nMe.    Tbe  subject  deserves  more  attention  than 
it  has  bithrrto  rrceivrd. 

Following  a  brii:f  recehs  came  the  address  of  the  President  of  the 
PsycboloKicAl  AHtnciatlon./rtw*-.!  R.  Angell.  subject:  The  Pnrvinee  of 
J-'unctionat  Psychology.  At  present  one  can  do  little  more  than  state 
a  programme,  and  aclimtt  tbe  scope  of  tbia  kind  of  psycbology.  It 
is  chicSy  an  attitude  of  mind.  Really  it  is  as  o]d  as  Arialoilei  Dar- 
win and  Spencer.  Its  chief  contrast  with  Structural  Psychology  is  io 
the  fact  that  the  latter  deals  with  states  of  coaseionBoess  which  for  its 
analysis  ^rc  more  or  less  artificial.  Structure  can  never  be  twice  tbe 
same  while  function  may  be.  The  u-hy  and  how  are  always  implied 
in  the  what,  so  tbat  structural  may  include  only  a  part  of  the  prob- 
lem of  psychology  while  functional  more  easily  include*  all  three 
questions.  Biologr  bas  given  a  more  and  more  prominent  place  to 
mind.  Pedagogy  finds  much  more  that  is  useful  in  looking  at  miod 
(rom  the  functional  point  of  view.  So  also  dots  mental  llyitiene  and 
Psychiatry.  The  rcccut  aud  large  amount  of  work  done  in  Animal 
Paycholc^  on  the  subjects  of  Inatluct,  tbe  senses  of  animals  and 
modifiability,  form  a  significant  cbapter  in  functional  psychotoity. 
Unman  Genetic  Psychology  adda  another  chapter  in  its  attempts  at  ■ 
longitudinal  section  of  couficiousucas  and  a  correlation  of  this  with 
growth.     The  leaoing  of  the  Functionalists  toward  Biology  is  well 
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calcaUt«d,  of  coarse,  to  arouse  tlie  ire  of  the  pure  psychologists  and 
yet  Vutictton«l:im  dealt  with  that  which  is  vitAl  to  the  organism. 
The  (nniUDiealtil  cootcious  utililtes  are  instinct,  the  short  circuit 
slgednnjc.  ami  the  loo^  circuit  algedonic,  reactionti.  The  author 
omitted  most  of  h'm  detailed  olnitsiricatioiis  which  illustrate  his  notioo 
of  the  usefnlneas  here  of  the  functional  point  of  view.  The  problem 
of  mind  and  body  he  would  regard  as  largely  methodotogtcal.  Be- 
havior  and  control  is  the  chief  point  of  intereHt  in  the  living  organ- 
IsQi.  The  functiooal  iK>lntof  view  Is  calculated  to  uuify  and  nuke 
more  nrarl  J  one  many  of  our  subjects  of  study  which  now  seem  so  far 
Apart.  Charin  H.  Johmton:  Fteting  Analytts  and  Experitnenlation. 
The  meajj-re  resnlt  obtained  iu  our  attempts  at  analysln  of  feeling  has 
been  due  to  the  nTer-empha.<tift  of  the  oognuire  side  as  well  as  to  the 
fuct  Ihiit  we  have  viewed  the  fceliug*  from  the  structural  |>oint  of 
Tiew  anil  have  depended  too  much  on  the  analytic  metbod,  We  do 
not  know  whether  feeling  (nffective'itate)  is  an  inrlependent  element, 
a  eompIeK  procesit,  or  an  accompaniment  of  something  else.  Yet  we 
■11  mean  somehow  the  same  tbfag.  The  Impression  method  »cems 
most  faToreit  and  yet  our  introspective  data  is  not  reliable.  The  pleas- 
ant and  unpl:^3)Uint  category  Keems  certain,  from  recent  exjieriments 
which  hftve  lurgely  been  mnde  to  lest  Wundt's  tridimensional  theory. 
John  F.  Shfpard:  'Sctne  Result*  of  F.xpfritHrnti  am  Crrrhral  Cirmla- 
lion  in  Sleep.  Very  svavitive  bniin  plethysmugrapbs  were  used. 
Mnrked  changes  in  the  curves  were  shown  to  be  produced  by  awaken- 
ing (he  subject  or  by  »imply  diaturbing  him.  There  is  some  head 
movcmcni  durin;;;  oleep  and  this  modifies  the  curve.  This  was  obvj- 
*t«l  by  plftcinft  the  head  in  n  swing.  The  Traube-Tlertng  breathing 
curve  IS  very  marked  when  the  itabject  is  asleep.  The  results  were 
Striking  becaasc  they  show  a  marked  increase  in  brain  volume  with 
depth  of  sleep  thouKh  there  may  be  at  first  a  slight  decrease.  Sluari 
H.  Howe:  The  Differetue  lietiieen  a  Hahit  and  a^  Idea-  Por  pracii- 
cal  application  to  teaching  these  should  be  sharply  distinguished. 
The  paper  dealt  with  several  contrails  which  ohtsin  between  them. 
George  H.  Mead:  The  kelaiion  oj  fmHation  to  the  Theory  0/  Animal 
Perception.  Hobhousc's  theory  of  Imitation  was  criticised.  Percep- 
tion IU  Animals  ocemed  to  involve  considerable  experience  of  kina^s- 
thetic  value,  Iu  making  experiments  to  test  for  Imitation  this  should 
be  ttaken  into  acconnt.  John  B.  Watson  (reported  by  Mr.  Carr): 
Kinteilhetie  Sensations:  'I heir  Hdle  in  the  Reactions  of  White  Rati  lo 
the  Hampton  Con>i  Ma:e.  Rats  were  first  taught  10  go  throngh  the 
naze  mid  then  their  eyes  removed.  On  being  returned  to  the  maie 
they  showed  no  disturbance  of  any  sort.  The  ears,  vibrissa,  face, 
olfactory  organs,  boIcb  of  the  feet — in  fact,  all  the  organs  ottbe  ani- 
mals except  those  of  blna-sthctic  value — were  removed  or  made  use- 
less. The  animals  showed  little  if  any  loss  in  ability  to  learn  or  re- 
learn  the  maze.  The  maze  was  swept  with  air  currents  in  di£ferent 
directions  and  cold  and  warm  linings  were  placed  at  the  places  of 
turning  but  without  effect,  Qtiite  a  disturbance  was  caused  however, 
hy  turning  the  maze  through  90'.  iSo*^.  and  370^.  This  last  Is  entirely 
in  agreeraeni  with  the  present  writer's  work  on  Knglish  Sparrows 
and  other  birds,  H.  S.  Jennings:  Habit  Fortnation  in  the  Starfish. 
In  order  to  get  proof  of  habit  formation  one  must,  so  to  speak,  corner 
the  animal.  This  is  ver^'  difficnit  with  the  starfish  for  the  reason  that 
it  is  so  versatile,  i.  e..  it  can  accomplish  the  »ame  thing  in  to  many 
different  wars.  ]]y  not  allowing  it  to  right  itself  by  turning  under 
those  raya  which  it  was  seeu  to  use  most  habitually  it  was  found  pos- 
sible to  make  it  use  others.  This  habit  had  ouly  partially  disinte- 
grated after  an  Interval  of  three  or  four  days.  Robert  M.  Yerkts: 
Modifiability  0/  Behavior  in  lh£  Daneing  Mouse,  By  giving  these  ani- 


PSYCHOLOOrCAL    ASSOCIATIOK. 


>59 


mals  an  electric  shock  when  thejr  enter  the  wrong  opening  they  may 
be  iKught  to  diatttiKuiah  Ix^tween  openings  nnrronnded  by  black  or 
white  c.irJIjoar^l.  The  male*  leitrued  more  mpidly.  Red  lias  not  the 
same  value,  lor  them  u  for  ut.  Nine-tenths  of  all  color  tests  ou  ani. 
Dialtt  <lo  not  rr(]uire  color  iliitRritiUiintion  tiy  thr  nnimals.  The  re- 
viewer cannot  at  a|]  aKree  with  the  atatement  that  an  eleclrtc  stioirlE  ta  & 
better  moli/to  use  with  animat;!  than  a  natural  degrt^  of  hua^cr.  He 
is  in  hearty  affreeincnl  with  tbe  atamlardiiinu  of  maze*  to  be  used 
with  unimuls.  James  P.  Porter:  Further  Siuay  of  Vartability  in  Spi. 
d€ts.  Thlft  paper  gave  farther  material  gathered  siucc  the  repoil  of 
a  year  ago  ami  wa«  illualrate^  with  lantern  iiliitrs. 

At  3  r.  Bi.,  on  Krida}-,  Ptesident  llutler  gave  hU  address  of  welcome 
to  the  Philosophical  and  Psychological  Aitsociattous  in  jotni  frcMiou. 
lie  ptnphaKlxc^l  the  grent  :i«eil  for  careful  pructical  work  ill  these 
fields  in  view  of  the  great  waves  of  feeling  which  sweep  at  timc9  over  onr 
democracy,  and  aist>  that  few  know  what  real  tbinklnK  is-  Thcu  fol. 
lowed  the  address  of  Ptof.  jamei  on  "Men  and  Their  Energies."  He 
referred  to  Prof.  Sanford'a  insistence  on  the  physician's  attitude  of 
mind  and  to  the  more  adequate  treatment  which  Prof.  Janet  has  given 
to  abnurmal  cmiditionti  because,  for  oii«  ii^a.von,  hehna  not  expressed  or 
thoagbt  them  in  the  readv-mnde  psychological  terms.  Few  of  us  put 
forth  aU  the  effort  of  which  we  are  I'ajiiibtc.  There  arc  iliflcrcnl  I*vels, 
and  bnbii  fixes  the  amount  of  enerj^y  we  expend.  We  cau  iu  phybical 
effort  Kct  our  second  wiud  and  a  third  and  fourth.  This  is  true  of  the 
mental  life  alM}.  The  stimuli  of  war,  and  of  lore,  serve  to  moi'e  ni  to 
greater  and  greater  eQort.  The  letters  of  the  EtigHsbmao  in  charge 
of  the  city  of  Delhi  at  the  time  of  a  siege  illustrate  in  a  striking  inBu> 
ner  the  rising  to  higher  and  higher  level*.  land's  psychoastheuica 
arc  examples  from  the  Eeld  of  palholugy.  Tbc  decisions,  moral  and 
otherwise,  required  of  a  city  dweller  demand  an  output  of  energy  which 
lanot  at  all  railed  for  from  tbc  countryman.  P. of.  James's  Buropeaa 
friend,  who  for  many  years  had  jiufferol  from  a  collapse  every  fourth 
week  finally  set  for  himself  the  ta.^k  of  the  Yoga  ordeal.  Thesi>euker 
quoted  at  length  from  letters  todeM-ril>e  thi-  fastins,  prayer,  posture* 
and  reduction  of  breathing,  etc.  After  one  sercre  collapse  there  seems 
to  have  been  a  complete  cure.  It  may  be  all  sclf'Snggcstioo.  but  he  can 
now  undergo  the  moat  trying  hardships.  In  all  the  above  considera- 
tions and  many  more  the  prolilema  which  facv  ns  are:  (i)  What  are 
the  problems  of  meutsl  work?  (3)  What  really  are  our  powers  and 
capsoilitiesp  and  (i)  What  are  the  best  means  of  nalocking  these? 

/.  Madisoti  Beniley:  The  Effect  of  Dtstraetion  Upon  the  Intensity 
o/ Sensation .  So  far  as  the  experiment  has  been  carried  the  effect  has 
been  an  underestimation  of  both  the  loud  and  weak  sound  stimuli.  C. 
E.Seathore:  Some  Contributions  ta  Tone- Psychology.  There  iaasurnris- 
ingly  wide  variation  In  Pitch  dlsrrimination.  Subjects  from  college 
ana  high  school  arc  no  belter  than  grammar  grade  pupils.  The  de- 
termining factor  is  probably  physiological.  Musical  training  modt> 
fiea  it  but  little.  The  speaker  made  certain  classiScationa  several 
years  ago;  to  representative*  of  same  of  these  it  is  inadvisable  to  at- 
tempt to  teach  music  at  all.  E.  H.  Cameron:  TonaJ  Reaction.  The 
apparatus  consists  of  a  diaphragm  attached  to  a  pen  the  vibrations  of 
which  arc  wriitcn  on  a  moving  paper  strip.  By  means  of  a  time  line 
these  vibrations  may  be  measured.  Subjects  with  and  without  musi- 
cal training  start  low  and  waver  about  a  tone  which  they  are  at.kcd 
toaiog.  In  imitating  an  orgas-plpc  tone  thcydo  the  same.  The  eficct 
of  another  tone  souaded  as  they  attempt  to  imitate  is  to  render 
them   more  inaccurate. 

At  the  dinner  of  the  American  Society  of  Naturalists  and  Affiliated 
Societiea  an  excellent  address  was  delivered  by  Dr.  I>avenport.   After 
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revfewin^  tbe  r<M>pcratlTe  work  by  the  scieotlfic  societies  of  tlic  put 
the  »pc«kcr  mmlr  a.  pl<:»  (or  such  «t  present  in  tlic  wide  field  nf  Biol- 
ogy.  First  and  inciUcntallf,  (or  the  fixing  of  nonienclaturc;  svconilly, 
and  of  macb  more  importance,  for  co^pcrntion  iu  tbe  prosecution  of 
research. 

At  another  Kcaaion  of  tbe  Psyeholof^Ical  Association  the  followiog 
papers  were  prrsenlcd :  Eleanor  Harris  kotvland:  A  froftoied  Mfth^ 
for  Ttaching  jfisthrtics.  The  teachla^c  of  ihiK  Bubjcct  in  our  colleges 
if)  in  an  nnaativfaclorv  cooditioa.  If  the  subject  is  given  some  atten- 
tion in  the  ^rade.i  And  bigti  schooi,  it  receives  so  lutlc  in  our  colleges 
that  the  bett  iiiiion)j  tlie  aladentu  liy  not  follow  it  further.  In  Boston 
there  Is  u  plan  to  l>e  put  into  operation  which  will  involve  visits  to  the 
miisrnni,  the  lending  t>^  collegesof  works  of  art,  And  lectures  to  the 
stoOentH  by  inutMtuin  nfficiAlH  and  artists.  Tbe  studenla  are  to  see 
works  of  art  and  then  discus  piinciples.  W.  B,  Pittsburg:  An  At- 
tempt to  HariMonize  the  Current  Psychotogtcal  Iheorus  of  Judg- 
ment. There  xie  four  cnrrent  thecricn.  Thai  ol  Rrentauo  in  which 
belief  Is  tbe  central  factor.  For  Marvin  U  is  eitnivaleot  to  compari- 
son- Agani  Jurlgnieni  niajr  he  •aid  to  he  a  sort  o(  evaluation:  while 
the  last  tendency  makes  ll  identicnl  with  the  ascription  of  meaning. 
The  last  three  were  shown  to  he  much  the  wtnc  while  belief  is  con- 
comitant with  judgment.  I'rof.  Dewey's  element  of  docbt  was  not 
cousidcreil  bv  the  speaker  to  be  uu  important  consideiation.  Katt 
Gordon:  A  Classifiiation  of  Percepiiat  Proceases.  We  are  to  get  oar 
basis  for  a  new  r  lass  ifi  cat  inn  in  tbe  motor  response.  Intensity,  cxtcn- 
slty  and  dutatiou  of  sensation  arc  to  be  related  to  the  idme.  Quality 
gets  its  character  here  also.  Schneider's  expansion  and  contraction 
Ibeorv  was  invoked  us  rxplaining  mnch,  hut  discnasicm  did  not  seem 
to  favor  it.  A.  If.  Pierce:  Imagery  Ulusions.  The  Nvn- Visual  Char- 
acter o/  tite  " I'roof  reader" »  ItJusion."  The  author  criticised  the  ex- 
filanatioQ  of  tbe  "Proof  reader's  Illusion"  found  in  the  usual  paycha* 
ogical  texts.  For  him  such  is  not  visual  at  sU,  but  auditory  or 
arliculatory.    The   phrase  Imsgcry  Illusions  was  proposed.     H.    S. 

iVoodworti:  jVon-Sentory  Components  in  Sense  Perception.  The  way 
B  subject  sees  the  stair-case  figure  is  not  due  to  cvc-movument.  to 
the  part  &xstcd  or  (o  the  cyc-halls.  This  is  true  ol  other  equivoeat 
fifiures.  Subjects  ajtree  iu  saying  that  preceding  images  do  have  a 
determining  influence.  Hence  what  is  seen  is  aon-sensory.  it  is  a  per- 
cept  (juality  and  is  furlber  illustrated  by  the  way  we  perceive  site, 
distance,  and  various  rhythms.  A  "Mental  Reaction  Theory"  was 
proposed  to  explain  how  we  get  this  pccniiar  quality.  It  is  not  the 
result  of  motor  rcspoasc  or  a  synthesis  of  scnsaUoQS.  This  theory  is 
probable  from  a  consideration  of  brain  strncture.     £.  L.  Thomdike: 

The  Mental  Antecedents  of  Voluntary  Movements.  Any  mental  state 
may  be  tbe  antecedent.  Tbe  opponents  to  this  view  were  asked  (o 
consider  the  following:  Wbat  sort  of  images  do  yon  have  when  ^oa 
will  not  to  perform  an  act?  Suppose  you  will  to  more  your  eyes  in  a 
Btraijilit  line  across  the  page.  You  never  have  done  so  and  ucver  cau. 
Will  to  copy  several  pa^es  of  a  book  or  article  you  have  written. 
What  is  antecedent  to  involuntary  movements?  The  view  upheld 
by  the  other  side  makes  voluntary  and  iuTolantary  movcuicnts  radi- 
cally dlSerent.  Considerable  and  interesting  discussion  was  called 
forth  by  the  last  four  papers  read. 

Receptions  were  tendered  the  visitins  scientists  by  the  President 
and  Tnutees  of  Colombia  University,  and  by  the  College  of  the  City 
of  New  York,  in  the  splendid  new  bni1dicf(9  of  the  latter.  On  Satur- 
day afternoon,  the  unveiling  of  ten  maible  busts  of  pioneers  in  Ameri- 
can Science  at  the  American  Museum  of  Natural  History  and  ■  recep- 
tion in  the  eveninf;  formed  a  fitting  close  to  a  most  profitable  and 
enjoyable  series  of  meetings.  JaJf  U  P.  POKTXIL 
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DEMONSTRATION  OF  FORMULiE  FOR  TRUE 
MEASUREMENT  OF  CORRELATION. 


B7  C.  SntAMCAR. 


It  seems  daily  more  evident,  that  one  of  the  most  important 
tasks  awaiting  psychologists  is  the  accurate  measurement  of 
the  ' conelations '  (/.  e.,  the  tendencies  to  concurrent  variation) 
between  psychical  events,  qttalitles,  faculties  or  other  charac* 
tcristics.  For  this  purpose  a  now  well-known  method  ol  cal- 
culation has  been  evolved  by  Bravais,  Gallon  and  Pearsou, 
which  furnishes  a  nuniciic-al  'coefhcient'  measuring  precisely 
the  degree  of  proportionality  between  any  two  series  of  values; 
this  coefficient  is  usually  denoted  by  the  symbol  r.'  Should 
on  aay  occasion  the  correlation  between  the  two  series  take 
some  more  complicated  form  than  that  of  simple  proportion, 
then  T  lias  to  be  supplemented  by  further  terms  to  express  such 
correlation  completely;  r  remains,  however,  the  principal  term 
(with  or  without  some  unessential  modification  of  outward 
shape). 

Unfortunately,  there  is  a  considerable  step  between  arriving 
at  a  cocflicieot  of  correlation  aud  discovering  the  true  coefficient. 
In  the  6rst  place,  the  values  immediately  attainable  by  inves- 
tigatitju  arc  not  those  of  tlie  characteristics  really  iuvestigated, 
but  only  those  of  measurements,  and — in  the  case  of  psychol- 
ogy— for  the  most  part  very  fallible  measurements.  Secondly, 
it  is  usually  quite  impossible  to  keep  the  investigation  dear 
of  many  factors  that  do  not  properly  belong  to  it.  The 
actual  effect  of  these  two  disturbances,  the  observational  errors 


<  Pot  method  of  csicnlstion  bcc  \h\s  Journal,  1904,  XV,  pp.  77.8(bnt 
(or  "mediau"  substitute  "nwcrage"). 
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and  the  irrelevaot  factors,  is  not  merely  to  diminisb  somewhat 
the  accnracy  of  the  calcalation,  but  to  render  the  apparent  cor- 
relation (whether  calculated  or  merely  casually  inspected) 
wholly  untrustworthy.  A  large  correlation  may  be  obliter- 
ated ;  an  illusive  one  may  be  conjured  up  where  none  exists 
really  ;  it  may  even  happen  that  a  positive  correlatiou  is  turned 
into  an  apparently  negative  one,  or  vice  versa. 

Now,  two  formula;  were  given  by  me  in  this  Journal  some 
time  ago,'  whereby  the  effect  of  both  these  disturbances  can.  as 
I  believe,  be  eUmitiated.  The  formula;  were,  however,  not 
accompanied  by  any  proofs.  So  many  other  mathematical  for- 
mulae were  given  at  the  same  time,  that  the  formal  demon- 
strations of  them  all  would  have  made  the  article  exceedingly 
cumbersome,'  But  since  then  I  have  rejitatedly  been  asked 
for  these  proofs;  some  mathematicians  have  gone  so  far,  as  to 
doubt  whether  such  proofs  could  possibly  be  valid.  It  there- 
fore seems  advisable  to  publish  them." 

For  convenience  of  demonstration,  I  will  commence  with  the 
formula  for  ehminating  irrelevant  factors,  although  in  applica- 
tion the  other  formula  must  be  used  first  (to  ail  the  cocmdenLs 
entering  into  the  former  formula). 

I .  Proof  of  the  formula  for  eliminating  the  effect  of  irrelevant 
factors.* 

Let  X,  Y,  and  Z  denote  the  values  of  any  three  variable 
and  correlated  characteristics  of  objects  of  any  particnlar  class 
(for  instance,  their  height,  length  and  breadth).  Let  their 
average  "values  be  denoted  by  a,,  a^  and  a,  respectively;  let 
ax  —  X  ^=  X,  a^  —  Vi^y,  and  a^  —  Z  :=  z.  Further,  let  b^, 
and  bs(  be  such  values.that  2  [  x  —  (b.,  y  -\-  b.^  z)  ]*  is  a 
minimum.  Equaling  to  o  the  differentials  of  this  sum  with 
respect  to  both  b^y  and  bs,,  and  solving  these  two  equations 
for  bxv,  wc  find 


t,    _3Ky.az'—   Sxz.Syz  _  x^y  —  r,.  . 
'^'^—Sy  ".Sz'  — (2yz)'  ~         i  —  r^ 


ry« 


VaT 


»Vol.  XV.  1904.  pp.  88^. 

*A«  an  example,  it  may  be  mentioaed  ibat  another  formnls  (nven  in 
the  same  article  has  just  had  to  be  detn on !tt rated  also.  The  simple 
atatcment  o(  values,  aa  origiually  jtiycu  iu  thia  Journal,  took  up  only 
«  conple'of  lioes;  whereas  the  niatbematical  demoustTatioa  (ia  the 
British  J.  0/  Psych.  ^  fully  occupies  three  pa};es. 

"These  forninlfe  are  aijaiii  much  uttlijieii  iu  a  paper  of  Profesaor 
KracKcr  and  injrBelf  ia  the  7.eitschrift  fUr  Psychotogie  (44.  p.  4S). 

•  Pnrt9  of  the  printer's  proofs  have  very  kiiidlv  been  lnolced  over  by 
Drs.  Her){lotz  and  Carath^odorj'  (Itcluters  on  mathematics,  Uaivet- 
sitr  of  GUttisgea)  and  Dr.  Ehreufest,  who  haTe  /nrciabed  Taluable 
criticisms. 
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Tnere  Txf  denotes  Pearson's  correlatioaal  coefficient 


and  Tn  and  r^  have  similar  meanings. 

Analogously 


K    —    r«y  —  r«. .  fy,  Va7' 

•*>«  —       1  "I>5^  .  M  *bat 


I  — rj 


'v'a^ 


Vb.y  .    by.    = 


r»v       'n  ■  Ti 


y» 


'^(i-n.)  c^-o 


(a)» 


Let.  us  next  suppose  our  whole  class  of  objects  to  be  split 
up  into  groups,  a  group  embracing  all  those  objects  for  which 
Z  has  any  coustaut  value.  I^t  us  apply  the  considerations  and 
notation  of  the  preceding  paragraph  to  the  k'''  such  group 
apart.     The  term  b„    vanishes,  since  x    dearly  ^  o. 

We  get,  then.  S(x  —  b,,    y)  '  =::  a  minimum,  from  which 
ah,  S  (X  -  b.,,  y)'  =  o,  »  th«.  b„,  =i^ 
Aa  b,,^  has  an  analogous  value, 


=  r 


rrt 


(b) 


Now,  in  general  the  value  of  b^y    differs  from  that  of  b^y  ; 

but  in  three  special  cases  here  interesting  us  it  can  be  shown 
to  coincide. 

The  tirst  case  occurs  when  the  following  assumptions  are 
permissible : 

^yi>  =  b«3-,  =  Kr,  —  .  .  .  =  b,,^  —  .  .  .  ,                       (c) 

by^  —  br«i  =  *>J^,  —  ■  ■  •  =  by,^  —  .  .  .  ,                     (d) 

»«k  —  *-o  =  '^  ■  ^k  "**  (*) 

■xk  —  »yo  =  f  •  ^k    '  ^*') 

e  and  f  being  constants.  It  will  be  convenient  to  conceive  alt 
the  objects  as  represented  geometrically  by  positions  having 
as  ordinatcs  X,  Y  and  Z.  The  equations  x  —  bxy^y  ^  o  evi- 
deutly  denote  what  may  be  called  'minimal  lines,'  bxy,^  being 
determined  for  each  value  of  k  by  the  relatJou  S  ( x  —  b^^y)  ' 
^  a  minimum  ;  and  all  such  minima  may  be  regarded  as  part 


*Tbia  result  waa  reached,  iu  «  somewhat  diSereot  manner,  bf  Yale 
(Proc.  R.  SoG.,  Vol.  LX;. 
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snms  of  a  total  minimum  which,  traosfonning  from  x  and  y  to 
X  and  Y,  may  be  written  as 


[X  -  b.,^Y  —  (8,^  -  b: 


»7k  *»Tk 


)]'. 


or,  shorter,  as  SS  (X  —  bi^^Y  —  £k  }  *>  or  simply  as  X  m. 

On  the  other  hand,  a  —  bx,y  —  hx»z  =  o  is  a  'total  min- 
imal plane/  h^y  and  b,,  being^  determined  by  the  relation 
S  (x  —  bx^y  —  bux)  ^  =  a  minimum;  and  this  minimum 
can  be  regarded  as  made  up  of  part  sums  (not  necessarily  min- 
ima iudividually),  one  for  each  diflfereut  value  of  Z,  and  there- 
fore may  be  written  as 

S  S  [X  —  b.yY  —  (b„Z''  +  a.  —  b.yay  —  b„a,  )  ]  », 

or,  shorter,  as  S^S  (X  —  b,yV  —  E")  =, 

or  simply  as  M.  Evidently,  the  difference  between  2  m  and  M 
depends  on  that  between  Ek  and  E*'.  But  the  former  is  the 
value  that  malces  every  part  sum  of  the  form  in  question  a 
minimum,  aa  may  readily  be  fouud  by  detenuiniug  E  from  the 

equation— ^{X  —  bY  —  E)  »  =  o.      Hence,  if  E^  differs 

fhjm  Ek  for  any  single  value  of  k,  the  corresponding  part  sum 
of  M  becomes  greater  than  that  of  2m.  ,-/  j'ortiori,  the  total 
effect  of  all  differences  between  E*  and  Ek  for  all  values  of  k 
must  be  to  make  M  greater  than  2m.  But  in  the  present  case 
it  happens  to  be  possible  for  all  corresponding  parts  of  2m  and 
M  respectively  to  be  identical ;  for  the  'minimal  lines.*  from 
which  2m  derives,  must — owing  to  the  conditions  (c),  (e)  and 
(f)— lie  in  one  plane;  and  there  is  no  condition  preventing 
this  plane  from  coinciding  with  the  'total  minimal  pUne.'  from 
which  M  derives.  Since  M  can  wholly  coincide  with  2m,  it 
must  do  so,  for  otherwise  it  would  not  be  a  minimum,  as  re- 
quired by  hypothesis.  Hence  Gually,  b,y  ^  bx^^  and,  taking 
into  consideration  the  equations  (a)  aad  (b),  we  arrive  at  the 
desired  result, 

The  second  case  is  where  equation  (f  )  is  as^iumed  once  more 
and  also  b,y^  =  b,,,  =  b,,,  =  .  ,  ,  =  b,j.^  =  .  .  .  =  o.      (h) 

It  is  clear  that  all  the  minimal  Lines  must  again  He  in  one  plane. 
and  this  cau  again  be  shown,  by  reasoning  as  above,  to  coincide 
necessarily  with  the  'total  minimal  plane.'  Consequently  b,y 
^  bxy^  :=  o.  Hence  equation  (g)  again  holds  good,  either 
side  of  it  now  being  equal  to  o. 
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The  third  case  is  similar  to  the  Jirst,  with  the  exception,  that 
bxy^  is  pennitted  to  vary  with  k.  Under  these  conditioDs  the 
equation  (g)  wtU  be  found  valid  to  the  extent  of  giving  the 
most  probable  mean  value  of  r»y^. 

In  equation  (g)  we  have  reached  ai  any  rate  the  form  of  the 
formula  for  eliminating  irrelevant  factors.  But  now  we  have 
to  )«e  whether,  also,  the  constituent  terms  of  this  equation 
correspond  to  the  respective  values  concerned  in  the  actual 
investigation  of  correlation.  Let  us  therefore  turn  toactuality, 
say,  to  the  correlation  found  in  my  previous  paper  between 
children's  power  of  discriminating  pitch  and  that  of  discriminat- 
ing weight.  As  irrelevant  factor  let  us  take  the  children's  vary- 
ing age.  Clearly,  the  actually  observed  cortelaiiuual  coefficients 
ate  derived  from  three  variables,  discrimiuation  of  pitch,  dis- 
crimina'.iou  of  weight,  and  age;  they  correspond  perfectly  to 
r»y.  T^M^ndiy,  on  the  right  of  equation  (g).  Butthcfactor  of  age 
is  obviously  irrelevant  and  disturbing;  suppose,  for  instance,  that 
both  discrimination  of  pitch  and  that  of  weight  improved  with 
age;  then  of  course  we  should  fiud  a  correlation  between  the 
two  sorts  of  discrimination,  for  both  would  be  best  in  the  same 
children,  namely,  the  oldest;  such  correlation  is  evidently  be- 
side the  question.  Our  true  course  of  investigation  would 
have  been  to  select  for  experiment  children  of  exactly  the  same 
age;  but  this  is  precisely  the  way  we  arrived  at  r^y^:  thus  r,,^ 
is  the  desired  frr/e  correlation  between  x  and  y. 

It  remains  to  be  considered  how  far  the  actual  observational 
material  fulfils  the  special  conditions  under  which  alone  the 
formula  (g)  has  been  shown  to  be  exact.  The  present  topic, 
that  is.  the  elimination  of  irrelevant  factors,  comes  under  our 
abo^'e  'first  case;'  we  need,  therefore,  the  relations,  (c),  (d), 
(e)  and  (f ).  Of  these  the  two  latter  are  equivalent  to  requir- 
ing the  correlations  of  the  irrelevant  term  (here,  age)  with  the 
two  main  terms  (here,  discrimination  of  pitch  and  of  weight) 
to  be  linear.  This  limitation  is  less  serious  than  might  be  sup- 
posed ;  for  the  inexactness  of  the  corrective  formula  only  be- 
comes appreciable  when  the  irrelevant  correlations  depart  from 
the  linear  furm  very  largely;  and  experience  has  shown  such 
large  deviations  to  be  extremely  rare.  Anyhow,  it  can  scarcely 
be  a  matter  of  surprise  that  irrelevant  correlations  become  difS- 
cult  to  treat  when  non-linear,  seeing  that  no  quite  satisfactory 
formulx  have  yet  been  discovered  even  for  the  bare  measure- 
ment (f.  e.  antecedently  to  all  corrections)  of  the  main  con^a- 
tkm  when  non-linear. 

Finally,  the  tvro  other  conditions  (c)  and  (d),  mean  that  the 
true  correlation  must  not  change  appreciably  for  the  different 
values  of  the  irrelevant  term.    Now,  such  changes  may  be  taken 
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as,  in  general,  of  a  smaller  order  of  magnitude  than  tbe  altera- 
tions to  be  ctiminated  by  the  corrective  formula,  thoseprodticed 
by  mixing  different  values  of  the  irrelevant  term,  To  return 
to  our  instance,  there  is  good  reason  to  believe  that  most  cor- 
relations are  very  similar  for  children  of  9  years  as  for  those  of 
I2i  ahhongh  the  gravest  disturbance  will  often  occur  if  9  and 
13  years  be  thrown  together  into  one  and  the  same  correlation. 
Conditions  (c)  and  (d)  may  therefore  be  considered  sufficiently 
satisfied  whenever  the  irrelevant  influence  to  be  eliminated  is 
of  moderate  amount.  But  if,  instead  of  confining  our  experi- 
ments to  the  ages  of  9-12,  we  had  included  those  down  to,  say, 
5,  then  the  true  correlation  for  5  years  would  probably  have 
bad  quite  a  large  discrepancy  from  that  for  is.  In  such  case 
one  could  at  most  expect  any  general  •tme'  correlation  to  sig- 
nify the  true  mtan  correlation;  and  this,  as  we  have  seen,  is 
the  value  actually  given  by  our  formula. 

2.  Proof  0/  the /ormuia  for  eliminating  the  effect  of  inacatrate 
observation. 

We  will  a.ssume  any  two  correlated  series  of  values,  X  and  V 
to  have  each  been  measured  twice  independently,  and  to  have 
yielded  the  scries  of  measurements  jc,,  x^,  y,  and  y,.  The  co- 
efficients r,„„  r,^„  r,^„  rx,j-^,  r,,,  and  r^.y,  can,  of  course,  be 
reckoned  directly.     We  require  a  iormula  to  reckou  rxv. 

Let  ns  first  consider  the  correlations  between  ic,,  x^  and  X, 
and  see  how  the  coefficient  between  x,  and  x,  becomes  modi- 
fied when  a  separate  calculation  is  made  for  each  group  of  ob- 
jects for  which  X  is  constant,  say,  ^  X^.  We  may  fairly  as- 
sume the  average  of  all  the  measurements  x,^  (or  Xj^)  to  co- 
incide with  Xk,  or  at- any  rate  to  vary  proportionally  thereto 
for  the  different  values  of  k;  hereby  the  condition  (f)  i.«  satis- 
fied. Further,  when  we  consider  any  k^''  group  quite  apart, 
since  the  fiiictuations  in  the  two  series  of  measurements  x.^ 
and  x,^  of  the  same  value  Xk.  are  by  hypothesis  independent 
of  one  another,  bx,x,k   (or  bx^,^  )  always  =  o,  thus  satisfying 

the  condition  (h).  Cousequently.  we  have  here  otir  'second 
case'  and 

»,  —  r»,x.  Titpi 


'"'*-'^(i-r««pt)Ci-r'x,,)     -"■       '*' 

where  X  is  fixed  at  Xt  on  the  left  side  of  the  equation,  but 
remains  variable  on  tbe  right.  Therefore,  since  r  cannot  be 
infinitely  great. 

r«,x,  =  r„x  .  r..x,  and  analogously  (j) 


f»iyi 


—  'yi  V  ■  'y,  V 


(X) 
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Next,  let  us  consider  the  correlatioos  betweea  x„  X  and  yi. 
If  we  again  make  a  separate  calculatiou  for  each  group  of  val* 
oes  for  which  X  is  coostanl,  the  condition  (f )  is  satisfied  just 
as  before.  Further,  in  the  calculation  for  any  k"*  group  con- 
sidered quite  apait.  Xl,  being  a  constant,  is  independent  of 
the  fluctuations  in  the  measurements  y,^,  so  that  b^,, x^  =  o 
and  condition  (h)  tssatis&ed  again.  Hence  our  'second  case' 
occurs  once  more  and 


'«i  Ti  1 


iy<  •"■  r^i  x  •  Tyi  X 


^(i-r'x,x)(i— rVx) 
Prom  this  evidently 

r,.,  X  =^  ^^^  aod ,  analogously ,  =  M^. 

'X|X  TxiX 


=  0. 


0) 


Likewise 


and 


ry.  Y         Ty,  y 


Finally,  let  us  take  the  correlations  between  Xj,  X  and  Y. 

By  reasoning  as  before,  we  get 


r»iVfc  j= 


T»i  V  —  TkjX  .  TXV 


=  0, 


rxv  =  '-^ 


'^(  i-r'.,x)(i-r'xv) 
from  which  it  ia  evident  that 

and  analogously, 
rm,x 

=  ^!i^  =  [a*  =  tiL?. 
r»iX       rjrjv      fjiY 

By  muliiplyiug  together  the  four  preceding  equations  to  tx  v.  we 
have 


rxv*  =  ^^^ 


r,,T.ry,x.rftX. 


r,,X    .    r,,X    ■    Ty,  V    .     Ty.V 

SubstitutiuKon  the  right  of  the  above  equation  from  (j).  <k), 
(m),  (n),  (o),  and  (p)  and  taking  the  real  positive  root,  we 
find  at  last 


G  (  r,,,t, ,  ry,„) 
where  G  denotes  the  geometrical  mean. 


(q) 
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In  practice  it  will  usually  be  allowable  to  assume  that  the 
two  series  of  measurements  of  the  same  series  of  tbiugs  have 
been  conducted  with  equal  accuracy.  Then  r,,  x  =  r«,  s  and 
r,,  V  =  fyiV,  so  that  equatiou  <q)  becomes 


rxy 


—  ^«  y  (  —  ^«i  yt  — 


■«iys 


=  r. 


«tTl 


=  r 


XtTt 


G(r,. 


»i  •  *^riyi 


The  discrepancies  that  will  occur  between  the  four  actual 
values  of  Xx  y  must  then  be  attributed  to  mere  chauce,  and  most 
be  met,  as  usual,  by  taking  an  average.  Thus  we  get,  on  the 
assumption  of  the  equally  accurate  scries  of  measurements, 

^«iTi  "*"  ^*tr»  "*"  ^»«Ti   "*"  *'«gy« 

TxT  —  * - 


The  above  proof  of  the  formula  for  eliminating  the  effect  of 
observational  errors  is.  as  we  have  seen,  exact  and  perfectly 
general.  It  holds  good  whatever  may  be  the  distribution  of 
values,  or  the  size  or  distribution  of  the  obser^-ational  errors, 
in  the  series  concerned  and  whatever  may  l>e  thccorrclatiun's 
form.  Any  discrepancies  arise  solely  from  the  practical  neces* 
sity  of  applying  the  formula,  not  to  the  whole  series  of  values 
considered,  but  only  to  'random  samples'  of  such  series.  By 
sufficiently  extending  the  experimeuts,  the  chance  of  discrep- 
ancy may  be  reduced  as  much  as  desired.  The  formula  for 
irrelevant  factors  is  equally  general,  except  for  the  two  limita- 
tions explained  above. 

Both  formulae  concern  themselves,  however,  solely  with  r, 
-£xv 
that  is,  with  — a^  .   „=i-     But,  as  meultoned  before,  when  the 
V  2x' .  Sy' 

relation  between  the  two  cliaractcristics  investigated  assumes 
some  special  form,  instead  of  the  normal  'linear'  form  of  simple 
proportion,  then  this  special  form  finds  no  expression  whatever 
m  r  taken  alone.  To  express  this  form  analytically,  other  addi- 
tional terms  are  required.  The  exact  nature  of  these  additional 
terms  (as  well  as  the  outward  shape  of  r  itself)  varies  some- 
what according  to  the  method  of  calculation  adopted.  But 
there  is,  probably,  no  mathematical  difficulty  in  devising  modi- 
fications of  our  corrective  formulae  to  suit  any  such  terms. 

It  should  be  ol>sen'ed,  that  in  many  cases  the  non-linear 
form  is  more  apparent  than  real.  Generally  speaking,  a  mere 
tendency  of  two  characteristics  to  vary  concurrently  must  be 
taken,  it  seems  to  me,  as  the  effect  of  some  particular  underly- 
ing strict  law  (or  laws)  partly  neutralized  by  a  multitude  of 
'casual'  disturbing  inQuences.  The  quantity  of  a  correlation 
is  neither  more  nor  less  than  the  relative  Influence  of  the  un- 
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dcrlyiog  law  in  question  as  cumparcd  with  the  total  of  all  the 
influeticea  in  play.  Now.  it  may  easily  happen,  that  the  under- 
lying law  is  one  of  simple  proportionality  but  the  disturbing 
influeuces  become  Bieater  when  the  correlated  characteristics 
are  larger  (or  smaller,  as  the  case  may  be).  Then  the  underly- 
ing simple  proportionality  will  aot  appear  on  the  surface;  the 
correlation  will  seem  non-linear.  Under  such  circumstances, 
r  cannot,  it  is  true,  express  these  variations  in  the  quantity  of 
correlation;  it  continues,  however,  to  express  completely  the 
tiuan  quantity  of  correlation. 

In  the  majority  of  the  remaining  cases  of  non-linearity,  the 
latter  is  merely  due  to  a  wrong  choice  of  the  correlated  terms. 
For  instance,  the  correlation  between  the  length  of  the  skull 
and  the  weight  of  the  brain  must,  obviously,  be  very  far  from 
linear  But  linearity  is  at  once  restored  (supposing  all  the 
skulls  to  belong  to  one  type)  if  we  change  the  second  term 
from  the  brain's  weight  to  the  cube  root  of  the  weight. 

To  conclude,  even  when  the  underlying  taw  itself  really  has  a 
special  non-Hnear  form,  although  r  by  itself  reveals  nothing  of 
this  form,  it  nevertheless  still  gives  (except  in  a  few  extreme 
and  readily  ntjticeable  cases)  a  fairly  approximate  measure  of 
the  correlation's  quantity.' 


'Several  wHtcn,  who  have  aiade  otherwise  ▼■loable  conlributioD* 
to  the  subject  of  correlation,  but  hMve  been  too  exclmciTely  gtiideil  by 
the  purelv  niKtlicninlicBl  point  of  view,  appettr  to  liRve  wholly  over- 
looked this  fundamental  mstlnciion  between  the  form  and  the'  quan- 
tity at  a  correlation. 


THE 


SIGNTFICANCK    OF    WAVE-FORM     FOR 
COMHRKHKNSION  OF  AUDITION. 


OUR 


By  MiLx  Hkvcr. 


A  recent  number  of  the  ZeiUehrift  fur  Psyckohgie  '  contains 
a  set  ot  curves  representing  the  resultants  of  two  sinusoids 
each  for  all  the  ratios  made  up  of  the  uuiabers  from  t  to  I3. 
It  contains,  further,  the  resultant  curves  of  the  ratio  2:3  for 
various  phase -differences,  and  the  resultant  curves  for  the  ratios 
4:5:6,  4:5:9.  and  4:7:9.  In  the  accompanying  article.  Professor 
C.  Stnnipf  discusses  these  curves  with  an  aim  indicated  by  the 
folluwing  remarks.  There  is  no  doubt  that  the  Mclmhoitzian 
tbeoo'  of  audition  in  its  traditional  form  is  imperfect.  lu 
order  to  modify  it,  we  ought  to  study  the  characteristic  prop- 
erties of  the  various  forms  of  compound  curves.  Then  only 
can  modifications  of  the  theory  be  worked  out.  Even  those 
who  believe  in  the  theory  of  resonance  quite  literally,  will  be 
able  to  ubtain  from  a  study  of  such  curves  material  for  the 
criticism  of  theories  which  are  uot  based  ou  the  assumption  of 
resonators  in  the  car. 

The  present  writer  took  a  special  interest  in  this  paper,  be- 
cause many  years  ago  he  studied  the  same  curves  with  the 
same  aim.  He  was  soon  led,  however,  to  a  point  of  view  dif- 
ferent from  that  of  Professor  Stumpf. 

In  the  first  place,  there  arises  the  general  question:  What  is 
the  use  of  maihemaHcal  speculations  about  wave  forms?  They 
will  never  be  of  any  use  whatsoever,  unless  they  can  lead  to 
ttome  idea  about  the  mechanical  processes  taking  place  in  the 
organ  of  bearing,  in  the  cochlea.  Now,  to  obtain  such  an 
idea  we  have  to  search  in  a  region  where  there  are  no  previ- 
ously established  paths.  The  only  aids  for  findiug  our  way  in 
this  darkness  are  the  following  observations: 

1.  Auditory  stimnli,  according  to  a  general  ngieement, 
consist  of  osdilatiom.  But  nothing  compels  us  to  assume 
apriori  that  oscillations  must  be  of  the  form  of  sinusoids  in  or- 
der to  stimulate  the  auditory  organ.  Tiuy  might  bt  of  otfur 
forms. 

2.  When  we  look  at  a  compound  curve,  t.  e. ,  a  curve  made  up 
by  the  geometrical  addition  of,  say,  two  sinusoids,  it  hoh  to  us 
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like  a  sum  of  several  oscillations  (of  whatever yorm  they  may 
be),  just  as  UTf  hear  %  sum  of  several  tones.  By  comparing 
various  ways  of  looking  at  curves  with  the  tones  we  actually 
hear,  we  might  discover  tliat  some  ways  of  looking  lead  to  a 
greater  resemblance  than  others  between  what  we  see  and  what 
we  hear. 

3.  Having  found  a  way  of  looking  at  curves  which  leads  to 
a  considerable  resemblance  between  what  we  see  and  what  we 
heai,  we  should  try  to  find  out  whether  our  organ  of  heariug 
zxstXs\A /unciion  mechanicaUy  \n  the  manner  indicated  by  our  way 
of  looking  at  ihe  curves.  If  we  discover  such  a  function,  then 
our  problem  is  practically  solved. 

Upon  the  general  principles  just  stated  there  seems  to  be 
agreement  between  Professor  Stnmpf  and  the  writer.  There  is 
no  agreement,  however,  upon  the  special  paths  by  which  to 
proceed  in  the  applicaiion  of  these  principles. 

I.      What  r'l  an  esdllatiottf 

Profes-sor  Stiirapf  and  the  writer  agree  that  a  definition  of 
"an  oscillation"  must  be  altogether  a  matter  of  utility.  But 
the  writer  cannot  accept  the  use  of  the  "middle  line"  for  a  defi- 
nition. On  the  contrary,  he  has  long  believed  that  this  use 
Darrows  down  the  possibilities  of  looking  at  curves  to  such  an 
extent  that  wc  can  never  hope,  by  its  means,  to  reach  a  satis- 
factory agreement  between  what  we  see  and  what  we  hear. 

By  "middle  line,"  Professor  Stumpf  means  the  horizontal 
co-ordinate  when  so  placed  that  all  the  points  of  iiiQectiou  of 
the  original  sinusoids  come  to  lie  on  it.  And  by  "an  oscilla- 
tion'' he  means  (p.  244)  a  part  of  the  compound  curve  which 
starts  from  a  point  on  the  "middle  line,"  returns  to  the  "mid- 
dle line,"  passes  over  to  the  other  side  of  this  line,  and  returns 
a  second  time  to  a  point  upon  it.  The  part  of  the  curve  from 
the  starting  point  to  the  second  crossing  of  the  middle  line  is 
"one  oscillation."  He  emphasizes  the  fact  that  it  is  our  pur- 
pose in  a  study  of  such  curves  to  count  the  oidllathns,  thus  or 
so  defined.  But  he  does  not  say  bow  we  should  define  and 
coiint  oscillatious  tu  case  the  curve  moves  towards  the  middle 
line  and  then  away  from  it  without  touching  it.  This 
course  occurs  in  innnmeralilc  instances,  when  the  amplitudes 
of  the  original  sinusoids  are  unequal.  In  such  a  ca^e,  we  could 
not  simply  omit  the  up-and-down  movement  in  question,  or  we 
should  get  a  collection  of  tones  which  in  reality  no  one  hears. 
The  writer  is,  naturally,  \'ery  far  from  asserting  that  a  dcfint- 
tiou  of  au  a<u:iUation  is  altogether  valueless,  because  it  is  ap- 
plicable only  to  the  special  case  of  equal  amplitudes;  hut  be 
believes  that,  when  alt  the  facts  are  considered,  Profes.<ior 
Stumpfs  definition  by  means  of  the  middle  line  must  be  pro- 
nounced inferior  to  that  which  he  himself  published  iu  the 
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Zeitichrift,  Vol.  XI,  p.  316-217  (1896).  In  the  writer's  defi- 
nition, Professor  StumpPs  "middle  line"  plays  no  part.  The 
qtiestion.  therefore,  need  not  be  raised  whether  a  maximum  or 
minitnum  reaches  beyond  or  tonches  the  "middle  line,"  or 
falls  to  do  so.  What  is  of  primary-  importance,  in  the  writer's 
defiuiliou,  is  the  ordinate  diff^rettcsi  of  the  maxima  and  min- 
iaia,  not  the  ordinate  values  themselves.  The  absolute  ordi- 
nate value  of  a  single  maximum  or  minimum  (referred  to  in 
Professor  Slampfs  "reaching  bej-ond,"  "tonching,"  or  "lead- 
ing untouched"  the  "middle  line")  should  not  enter  into  a 
definition,  because  the  location  of  the  horizontal  co-ordinate 
is  arbitrary  and,  therefore,  cannot  possess  auy  mecbaoica! 
significance. 

This,  perhaps,  is  the  chief  difference  between  the  writeT's 
attitude  toward  the  present  problem  and  the  altitude  of  Pro- 
fessor Stmupf :  that  the  former  insists  always  upon  the  possi- 
ble mechanical  significance  of  the  oscillations.  In  the  publica- 
tion above  mentioued.  the  writer  showed  (p.  225)  the  possibility 
of  such  a  mechanical  significance,  altliongh  be  did  not  then 
succeed  in  making  this  particular  mechanical  application  ap- 
pear very  probable  from  an  anatomical  point  of  view.  Professor 
Stumpf.  however,  is  apparently  satisfied  with  definitions  of 
oscillations  as  such.  He  leaves  the  mechautcal  side  of  the 
problem  to  the  future.  He  seems  to  imply  (p.  255,  line  6, 
"EiuUich")  that  there  is  to  be  found  here  a  collection  of  ail 
poiiibU  definitions  of  "oscillations."  so  that  the  future  investi- 
gator must  choose  among  the  five  given.  Rut  in  reality,  the 
number  of  sncb  definitions,  since  they  are,  uaturally,  not  logi- 
cal deductions  from  a  single  principle  but  arbitrary  inventions 
for  purposes  of  utility,  might  be  largely  increased.  In  partic- 
ular, the  definition  of  "an  oscillation"  developed  by  the  present 
writer  is  not  mentioned.  Now.  since  all  such  definitions  of 
"oscillations"  are  originally  equally  arbitrarj*.  it  would  ap- 
pear that  those  and  those  only  should  be  selected  for  discussion 
which  evince  a  certain  amount  of  harmony  with  the  facts  of 
auditory  observation  and  which  can  be  shown  to  possess  a  cer- 
tain mechanical  significance.  The  reiuarks  by  Profes.sor  Stumpf 
on  pp.  266-268  do  not  seem  to  the  writer  a  fulfilment  of  these 
two  conditions. 

The  definition  of  "oscillation"  just  spoken  of  is  mentioned 
by  Professor  Stumpf  on  p.  254  under  (2).  He  mentions  under 
(i)  another  definition,  which  regards  the  whole  period  of  the 
.<tum  of  the  two  sinusoids  as  a  single  oscillation,  but  discards  it 
as  iuadequale.  I^l  us,  then,  turn  to  the  three  remaining 
definitions.  The  third,  which  again  makes  use  of  the  "middle 
line,"   is   this:      "An  Qsciltation  is  the  double  length  of  the 
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first  section  of  the  middle  line  in  case  rr-_%,  the  double  length 
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of  the  sum  of  the  first  two  sections  of  the  middle  line  ta  case 


3.     The  frequency  of  oscillatiou  is  then 


H+L." 


The  fourth  definition  is  this  :  An  oscillation  is  the  period 
from  one  relatively  highest  (r.  e..  having  lower  ones  at  either 
side)  maximom  to  the  next  relatively  highest  maximum  of 
the  curve.    The  frequency  of  oscillatioa  Js  then  equal  to  H — "L, 


in  case 


L^=:   '  equal  to  L  in  case  -=-'>^  2. 


The  fifth  definition  is  this  :  An  oscillation  is  generally  iden- 
tical with  the  component  sinusoid  of  lowest  frequency.  The 
fiequency  of  oscillation  is  then  simply  L. 

II.     IVhat  df/iniiim  is /Ae  most  promising  f 

It  is  clear  that  all  definitions  of  "an  oscillation"  have  for 
their  immediate  pnrpo!%  the  finding  of  an  agreement  between 
the  ecsdU  of  our  "looking"  (perhaps  it  would  be  better  to  say 
"couutiug  oscillations  by  looking")  at  curves  and  our  audi- 
tory experiences.  The  agreements  fouud  here  are  the  follow- 
ing : 

Looking  at  the  "middle  line,*'  in  accordance  with  the  sec- 
ond definition,  may  "explain"  to  ns  why  we  can  hear  the 
higher  one  of  the  two  uriginal  tones.      (//.) 

Looking  at  the  "middle  line,"  in  accordance  with  the  third 
definitiuu,  rather  contradicts   than   agrees   with   obser\'ation ; 

for  we  do  not  uuiversally  hear  a  mea7t  tone  — ^^'      We    hear 

such  a  tone  only  with  very  special  and  rather  rare  ratios  (very 
smaU  iiiteivaU).     (j*/.  ) 

Looking  at  a  curve  in  accoidaiicc  with  the  fourth  d<:fiiiitiou 
may  "explain"  otj*  difference- tone  va  cases  where  the  interval 
is  less  than  an  octave.  It  does  not  indicate  the  fact  that  we 
can  often,  indeed  usually,  hear  more  than  a  single  difference- 
tone.  As  regards  difference- tones  of  larger  intervals,  the  defi- 
nition reveils  only  the  uegalive  fact  that  the  tone  H — L  is 
tbtu'e  not  ordinarily  audible,  but  nothing  positive;  although  in 
feci  certain  difference-tones  are  nearly  always  clearly  audible 
in  such  intervals.    (^.) 

Looking  at  a  curve  in  accordance  with  the  fifth  definition 
may  "explain"  why  we  can  hear  the  /tfovrrone  of  the  two 
original  tones.     (^.) 

It  is  plain,  then,  that  Tor  the  sake  of  an  "explanation"  of 
the  most  ordinary  pbenomeru  of  audition  {i.  hearing  H,  2. 
hearing  L,  3.  hearing  one  D),  we  should  have  to  apply  to  a 
giveu  curve  at  least  three  different  definitions  of  "an  oscillation" 
at  Ihesame  time;  if  we  wished  to  include  the  "mean  tone,"  even 
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four  different  dffiniliom  at  the  same  time!     It  is  not  likely  that 
anything  of  scientific  value  will  be  gained  in  this  manner. 

For  comparison,  the  writer's  single  definition  of  "an  oscilla- 
tion" is  translated  here  from  Zeitsrhrift  XI,  p.  2i6:  "Find  the 
smallest  ordinate  difference  between  a  maximum  and  the  pre- 
ceding minimum  (or  the  reverse;  Ihc  order  is  irrele\'ant),  and 
cut  off  from  each  ridge  and  each  trough  of  the  wave  a  piece 
whose  height  is  equal  to  one-balf  of  this  difference.  Each 
pair  of  a  higher  and  a  directly  foUowiDg  lower  segment  of  this 
lEind  counts  as  "oue  OAcillation."  The  height  nf  the  segments 
is  to  be  regarded  as  a  measure  of  the  intensity  of  the  tone. 
Apply  the  same  rule  to  the  wave  remaining,  and  so  on  until 
the  wave  is  reduced  to  a  straight  liae." 

This  single  definilioaof  an  oscillation  "explains"  more  than 
all  the  preseut  five  together;  it  explains,  e.  g.,  the  fact  that  we 
can  hear  several  difference- tones  at  the  same  time.  Of  coarse, 
one  must  not  expect  the  defiiiitiou  to  explain  every  detail  of 
audition;  that  is,  in  any  case,  no  serious  matter.  A  definition 
of  this  kind  is  not  an  end  in  itself,  but  merely  a  means  to  an 
end;  the  end  being  the  discovery  of  the  mechanical  function  of 
the  inner  ear.  This  leads  os  to  the  third  point  of  our  discus- 
sion. 

in.      The  mechanicai  sii^nijicajtee  of  the  writer's  '^oscillation." 

How  does  the  inner  ear  function  mechanically  ?  All  studies 
of  curves  and  wave-forms,  all  definitions  of  oscillations  and 
their  relations  to  the  facts  of  audition,  are  mere  means,  tools, 
aids  in  the  approaching  of  this  problem.  And  therefore,  any 
definition  of  "oscillation,"  any  manner  of  looking  at  com- 
pound curves,  is  scientifically  valuable  only  in  so  far  as  it  sug- 
gests a  definite  mechanical  process  which  must  be  found  pos- 
sible under  the  anatomical  condilions  of  the  cochlea.  Now 
Frofiessor  Siumpf 's  paper  gives  no  suggestion  of  a  mechanical 
process  corresponding  to  any  one  of  his  definitions  of  "oscilla- 
tioos."  On  the  other  hand,  having  found  ihctlcfinition  above 
mentioned,  the  writer  attempted  to  find  a  mechanical  process 
which  was  in  accord  with  it.  Such  a  process  is  described  in 
Znticfiri/t  XI,  p.  225,  directly  following  the  definition  of 
"oscillation."  The  mechanical  process,  however,  which  he 
was  at  that  time  able  to  discover,  although  unobjectionable 
from  a  purely  phy.sical  point  of  view,  offered  a  considerable 
anatomical  difficulty.  It  assumed  an  imperfectly  elastic  rod, 
&stened  to  a  support  at  the  oue  end.  the  free  end  moving 
transversely  in  the  form  of  the  compound  curve.  But  what 
auatomical  structure  could  be  a  rod  of  such  properties?  This 
was  the  unsatisfiEictory  part  of  the  assumption. 

However,  a  few  mouths  after  this  publication,  the  writer  hit 
tipon  an  idea  which  led  to  the  unfolding  of  what  be  now  re- 
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gards  as  the  correct — thoagfa  incomplL-te — theory  of  the  me- 
chanical function  of  the  inner  ear.  The  auatomicat  diflScuIly 
was  solved.  This  solution  is  published  in  outline  in  Zcit- 
schrifi  XVI,  p.  23.  He  found  that  the  following  mechanical 
process  would  correspond  exactly  to  his  definition  of  "oscilla- 
tion." Imagine  a  relatively  long  and  narrow  tube,  divided 
lengthwise,  by  a  flexible  but  jwrfectly  inelastic  band  or  parti- 
tion, into  two  tubes  of  approximately  semi-circular  cross-sec- 
tion. The  partition,  being  inelastic,  could  not,  when  dis- 
placed, return  to  its  normal  position  by  its  own  force,  but  only 
under  the  influence  of  external  forces.  Imagine  th.is  partition 
to  be  restricted  in  its  movement,  so  that  in  either  direction  it 
can  yield  to  piessuteonly  within  narrow  limits.  Imagine,  ftir- 
iher,  this  tube  to  possess  at  the  one  end  two  windows  closed 
by  membranes,  one  window  for  each  division  of  the  tube.  Im- 
agine a  piston-like  body  to  be  attached  to  the  ttiembrane  of  one 
of  the  windows.  Now,  wlien  this  pision-likc  body  moves  back 
and  forth  in  the  form  of  any  gi\'cn  compound  curve,  we  shall 
observe  on  the  successive  sections  of  the  partition  "oscilla- 
tions" which  are  exactly  like  those  above  defined.  Details  of 
this  view  or  "theory"  may  be  found  in  the  paper  mentioned 
and  in  other  publications  of  the  writer's.  Here  a  few  further 
explanations  may  be  added.  Under  the  conditions  assumed, 
the  length  of  the  sectiou  of  the  partition  which — point  after 
point — yields  to  the  movement  of  the  piston  must  always  be 
proportional  to  the  distance  through  which  the  piston  moves 
in  one  and  the  same  direction.  And  whenever  the  piston  re- 
verses its  movement,  begim  to  move  in  either  direction,  the 
point  of  the  partition  which  first  yields  must  be  that  nearest 
the  windows;  the  other  points  yield  later,  This  last  principle 
may  be  exemplified  by  the  fact  that  a  gun  barrel  sometimes 
explodes  although  the  front  end  is  open;  iu  the  same  way  the 
initial  sections  of  the  partition  yield  before  those  more  distant. 

The  anatomical  application  of  this  mechanical  function  is  at 
once  clear.  The  cochlea  is  a  relatively  long  and  narrow  tube. 
It  is  divided  by  a  flexible  panition  into  two  divisions.  Each 
division  has  a  window  at  the  one  end  of  the  tube.  And  one  of 
these  windows  contains  a  piston-tike  body,  the  stirrup. 

But  there  is  one  seeming  difficulty  left.  The  partition  in 
the  cochlea,  although  undoubtedly  flexible,  cannot  be  regarded 
as  per/edly  inetasiu.  But  this,  far  from  being  a  serious  diffi- 
cnlty,  explains  what  otherwise  would  be  another  difficulty. 
The  partition  is  certainly  not  perfectly  inelastic;  and  it  must 
be  its  very  elasticity  which  coofiues  its  yielding  movements 
within  the  limits  alKive  spoken  of.  Not,  of  course,  that  by 
assuming  a  certain  degree  of  elasticity  of  the  partition  we  re- 
lapse into  the  resonance  theory,  the  piano- in-the-ear  doctrine  : 
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we  assume  some  elasticity,  but  no  tension.  Tudeed,  it  is  not 
easy  to  see  how  tissues  which  are  under  cons/an/  tension  during 
the  whole  life  of  the  individual  could  retaia  tbeir  tension,  and 
not  simply  grow  longer,  adapt  themselves,  aud  thus  lose  their 
tension.  This  is  what  happens  wherever  constant  tension  is 
observed  in  growing,  H^ng  tissues,  vegetable  or  animal. 

The  taslc  now  left  is  to  work  out  the  mechanicx  of  the  inner 
ear  in  detail,  making  use  of  all  the  anatomical  facts  at  our  dis- 
posal. The  writer  has  worked  out,  to  some  extent,  a  very  few 
of  these  details,  and  has  published  the  results  in  various 
papers.  However,  we  still  have  only  the  barest  outlines  of  a 
mechanics  of  the  inner  ear. 

It  baa  been  mentioned  that  the  writer's  definition  of  "an 
oscillation"  does  not  agree  in  every  detail  with  the  facts  of 
audition.  It  has  now  become  clear  why  there  could  not  be  a 
perfect  agreement :  the  mechanical  theory  which  is  strictly 
equivalent  to  tliat  definition  is — from  the  anatomical  point  of 
view — ortJjt  a  done  anatoguf  of  the  mechania  0/  the  inner  ear, 
not  its  true  representative. 


The  progress  of  the  mechanical  theory,  if  such  progress 
should  result  from  an  increased  interu-st  in  this  matter  atitong 
scientists,  is  sure  to  have  a  beneficial  influence  on  our  purely 
ps>'chological  knowledge  of  the  facts  of  audition.  Whoever 
has  attempted  to  familiarize  himself,  f.  ^..  with  the  results  of 
such  otherwise  admirable  work  as  that  of  Kriiger  on  differ- 
ence-tones, must  have  been  convinced  of  the  enormous  waste 
of  mental  energy  resulting  from  the  fact  that  these  experiments 
were  scarcely  made  with  definite  questions  in  view.  Experi- 
mentswhich  are  not  made  on  the  basis  of  a  definite  theory  may 
nevertheless  lead  to  valuable  discox'erie.i;  but  they  are  more 
apt  to  lead  to  the  collection  of  a  mass  of  material  so  large  that 
no  one  can  uientaliy  digest  it-  With  the  progress  of  the 
theory,  there  will  also  come  a  new  advance  iu  experimentation. 
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III.     A.Stddy  in  the  Cokparison  op  Time  Intbrvals. 
By  Edith  A.  Al\'obo  and  Hrixn  £.  Skaslk. 


The  object  of  the  experiments  to  be  described  was  to  investi- 
gate the  processes  which  occor  in  the  mind  of  a  person  who  is 
asked  to  estimate  the  length  of  one  interval  of  time  in  terms  of 
another.  No  attempt  was  made  to  test,  except  ronghly,  the 
accuracy  of  soch  estimations,  and  tlie  conditions  were  pur- 
posely leit  as  nearly  like  those  of  our  everyday  time  judgments 
as  possible.  The  intervals  used  as  standard  varie<l  from  three 
to  twelve  seconds,  and  were  thus  much  longer  than  those  em- 
ployed in  'time  sense'  experiments.  The  weight  of  the  study 
rests  upon  the  introspective  testimony  of  the  observers  as  to 
their  methods  of  judgment. 

The  observer  sat  in  as  quiet  a  room  as  could  be  obtained. 
The  experimenter  marked  off  the  intervals  by  striking  a  tele- 
graph  key  at  the  beginning,  at  the  end  of  the  Grst  or  standard 
interval,  and  at  the  end  of  the  second  interval.  The  latter  was 
made  from  ten  to  twetx'e  times  as  long  as  the  first,  and  followed 
directly  after  it,  one  and  the  same  click  of  the  key  marking  the 
end  of  the  first  interval  and  the  beginning  of  the  second.  The 
observer  was  asked  to  state  at  the  end  of  the  experiment  how 
many  times  the  first  interval  was  contained  in  the  second. 
The  only  direction  that  was  given  her  was  that  the  times  were 
not  to  be  measured  by  filling  them  with  counting;  she  was  at 
liberty  to  use  any  other  method  that  seemed  natural.  Further- 
more, the  length  of  the  standard  interval  was  varied  so  that  a 
shorter  and  a  longer  one  were  given  alternately. 

The  five  observers,  all  fairly  practised  in  introspection,  dif- 
fered decidedly  in  the  methods  they  adopted,  and  may  be  con- 
sidered separately. 

Obser\'er  S. ,  in  by  far  the  greater  proportion  of  the  experi- 
ments upon  her.  judged  the  length  of  the  standard  interval  in 
lemsof  muscular  strain  and  relaxation,  and  that  of  the  com- 
parison interval  by  noting  how  many  times  the  strain  reached 
the  same  degree  of  intensity  as  at  the  end  of  the  standard. 
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The  strain  and  relaxation  were  expressed  by  S.  in  different 
ways,  sometimes  by  the  effort  of  climbing  imaginary  stairs  and 
dropping  back  at  the  end  of  the  unit  interval;  sometimes  by 
thinking  of  herself  as  running  a  race  and  stopping  now  and 
then;  sometimes?  sitnply  in  terms  of  tension  in  the  head.  The 
6rsC  forty  experiments  elteniated  a  standard  of  five  seconds 
wiib  one  often  seconds;  the  second  forty,  a  standard  of  three 
seconds  with  one  of  six  seconds.  In  all  the  statements  of  re- 
sults given  below,  the  amount  of  the  average  error  is  men- 
tioned, together  with  its  &igu.  Thus  when  for  [he  five 
second  standard  the  error  is  saEd  to  be  -f~'5.  *hts  means  that 
while  the  longer  of  the  two  intervals  was  really  twelve  times 
the  standard,  D.'s  average  estimate  of  it  in  twenty  experiments 
was  12.5.  Thus  the  standard  interval,  as  reproduced  by  D. 
during  the  longer  interval,  was  slightly  underestimated,  since 
more  of  the  reproduced  standards  were  put  into  the  latter  than 
were  really  contained  in  it.  In  like  manner  an  error  with 
negative  sign  means  an  overestimation  of  the  standards. 
The  average  errors  of  S.  were,  for  a  standard  of  5  sec. ,  -I-.5 
Kor  a  standard  of  10  seconds,  ~|-2.o 

I  i         *•         * '     *»         ' '  ^^  ft 

'  6    "  +f;2 

It  will  thus  be  seen  that  she  overestimated  the  shortest  in- 
terval, i  seconds,  slightly  underestimated  an  interval  of  5 
seconds,  and  underestimated  to  an  iucreasing  degree  intervals 
of  6  and  10  seconds.  In  the  next  set  of  forty  experiments, 
made  with  standards  of  four  and  eight  seconds  alternately,  S. 
made  much  less  nse  of  tension  and  relaxation  and  more  use  of 
a  kind  of  auditory  rhythm  than  that  'ran  through  her  head.' 
Sometimes  this  rhythm  became  a  tuue,  but  oftener  was  without 
markeil  pitch  differences.     Her  errors  were: 

For  a  standard  of  from  4  seconds,  — .  t 

"  "         "  8  "  +.8 

The  great  accuracy  of  S.'s  estimation  of  the  four  second 
interval  is  noteworthy.  But  more  especially  to  be  observed  is 
the  fact  that  the  uuderestimatlon  of  the  eight  second  standard 
is  considerably  less  than  that  of  the  six  second  standard.  In 
other  words,  while  in  general  one  might  say,  judging  from 
these  rough  results,  that  S.  had  a  tendency  to  overestimate  in- 
tervals below  Eve  seconds  and  underestimate  intervals  above 
that  limit.  .<!he  underestimates  less  when  she  uses  an  auditory 
rhythm  to  judge  by  than  when  she  uses  strain  and  relaxation. 

Observer  Aid.  did  all  her  measuring  in  motor  terms,  not  in- 
volving tension  and  relaxation,  but  merely  imagined  movement, 
probably  a  sort  of  rhythm  with  decided  motor  elements.  She 
imagined  her  eyes  moving  along  a  line,  her  hand  writing, 
her  head  bobbing  up  and  down,  her  feet  walking.     The  ex- 
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perimeots  fbtlowed  tbe  same  plan  as  with  S.    The  followJag; 
are  the  average  errors: 


Standard: 


5  seconds. 
10 


Error:    —1.8 
"        +1.6 


Every  standard  except  thatof  ten  seconds  was  overestimated. 

For  observer  W. ,  the  intervals  measured  themselves  by  an 
imagined  auditory  rhythm,  and  within  the  long  interval,  at 
the  end  of  each  period  of  time  which  was  judged  equal  to  this 
standard,  the  rhythm  scries  came  to  an  end  with  an  auditory 
im^e  of  the  count,  'three,'  'five,'  etc.  The  standard  ilself 
was  not  filled  with  any  rhythm ;  tbe  latter  set  in  usually  shortly 
after  the  beginning  of  the  large  interval.  The  rhythm  was 
during  the  first  part  of  the  long  inten'al  entirely  independent 
of  breathing,  which  was  oflen  quite  irre^lar,  but  towards  the 
end  of  the  time  tbe  breathing  tended  to  fit  itself  into  tbe  rhythm 
already  established.  A  number  of  times  it  appeared  to  W. 
that  the  beats  of  tbe  rhythm  were  synchronous  with  heart 
beats,  and  this  was  approximately  verified  by  feeling  the  pulse 
at  the  close  of  the  experiment;  in  other  cases  the  rhythm 
seemed  to  be  faster  or  slower  in  a  way  which  the  heart  beat 
could  scarcely  account  for.  Tbe  following  were  the  results 
for  W; 

Standard:  4  seconds.     Average  error,     — 3.7 


It  will  be  seen  that  W.  resembles  A.  in  overestimating  every 
interval  except  the  very  longest  one;  and  that  even  the  ten 
second  interval,  which  A.  did  shorten  in  reproduction,  was 
lengthened  by  W.  These  results  surprised  W.  herself,  for  she 
felt  always  in  the  case  of  the  longer  standards  that  her  repro- 
ductions of  them  were  too  short.  W.  made  almost  no  use  of 
strain  and  relaxation  as  a  method  of  measurenienl. 

In  observer  F.  still  another  method  of  reproduction  showed 
itself.  At  the  end  of  each  of  the  first  three  to  seven  periods, 
within  the  longer  interval,  which  was  Judged  equal  to  the 
standard,  a  more  or  less  distinct  auditor^'  image  of  the  click  ot 
the  key  presented  itself,  as  it  were  automatically,  and  the  ob- 
server's attitude  was  simply  that  of  waiting  for  this  imaginary 
sound.  The  image  accurately  reproduced  any  slight  peculiarity 
in  tbe  click  such  as  was  occa^onally  produced  by  the  experi- 
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menter's  not  striking  the  key  quite  sqtiarely.  Sometimes  as 
many  as  seven  imaginarj-  diets  were  heard  during  the  long 
intervals,  but  they  tended  to  become  less  distinct  as  they  were 
further  removed  from  the  original  sound.  When  they  did  not 
occur,  strain  and  relaxatiou  sensations  seemed  to  be  used  for 
measurement,  and  these  were  also  experienced  wiih  the  sound 
image.  Once  F.  said  there  seemed  to  be  '"a  contraction  until 
the  sound  image  came  and  then  an  explosion,"  and  another 
time  she  said  that  "everything  pulled  towards  the  sound." 
Her  results  were  as  follows: 

Standard:    5  seconds.     Average  error,    — .6 
•■         10         ••  "  *■      +S.4 

"  8  "  "  '*         +.3 

We  see  again  here  the  tendency  to  overestimate  the  shorter 
intervals  and  underestimate  the  longer  cues,  which  was  dis- 
played by  observer  S. 

The  images  of  the  sound  of  the  key  were  reported  also  by 
the  fifth  ohwcrvcr,  A.,  fluctuating  as  to  distinctness  and  some- 
times vanishing,  but  present  in  the  majority  of  cases.  Inter- 
vals without  the  auditory  image  were  oftenest  judged.  Atv. 
said,  'mechanically,' — the  meaning  of  this  is  uncertain.  A 
sense  of  hurry  was  often  experienced  in  experiments  with  the 
long  standard.     A.'s  results  were: 

Standard:    5  seconds.     Average  error,    — .2 
10        "  ■■  "      -fa.4 

3 -.7 

7         ' +5.5 

Like  S.  and  F.,  this  observer  overestimates  the  short  stand- 
ards and  underestimates  the  long  ones.  The  very  large  undcr- 
esiimatiou  of  the  7  second  standard  is  anomalous. 

Id  spite  of  the  individual  difiereuces  thus  brought  out,  there 
is  a  hint  of  a  general  principle  to  be  found  here.  The  two 
observers,  S.  and  K.,  who  reported  the  influence  of  strain  and 
relaxation  most  frequently,  show  a  tendency  to  make  the 
longer  standards  too  short  in  their  reproduction  of  them.  On 
the  other  hand  the  two  observers  Aid.  and  W.,  who  usually 
filled  the  intervals  either  with  imagined  movements  or  with  an 
auditory  rhythm,  noticing  little  or  no  strain,  tend  to  make  all 
the  standards  too  long  in  their  reproduction.  Now  to  measure 
an  inter\'al  by  the  increasing  intensity  of  strain  sensations  pro- 
duced as  one  waits  for  the  end  is  decidedly  fatiguing,  on  the 
testimony  of  the  observers  themselves,  and  there  is  a  natural 
tendency  to  shorten  the  longer  intervals  as  a  result  of  this 
fatigue.  On  the  other  hand,  when  the  intervals  are  mentally 
filled  with  a  more  or  less  varied  content,  involving  no  strain, 
and  very  little  fatigue,  the  observer  might  have  eaaly  run  a 
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little  over  the  poiut  of  objective  equality  to  the  standard  ia  her 
reprodactioQ,  especially  where,  as  was  the  case  with  W.,  ex- 
periencinK  the  standard  interval  itself  did  involve  some  strain, 
as  she  tried  each  time  to  impress  herself  anew  with  its  length, 
and  did  pot  involve  the  auditory  rhythm,  which  developed  only 
in  the  long  interval.  It  is  too  difficult  to  know  what  A.  means 
by  the  'mechanical'  reproduction  of  the  standard  to  interpret 
her  resnits  with  certainty,  but  the  method  of  measurement  by 
waiting  for  the  recurrence  of  an  auditory  image  would  naturally 
involve  tension  and  relaxation,  and,  as  we  have  seen,  was  ex- 
plicitly reported  to  do  so  by  F. 

It  is  clear  that  speculation  regarding  the  cause  of  the 
tendency  shown  by  S.,  P.  and  A  .  to  overestimate  shorter 
standards  and  underestimate  larger  ones,  is  of  little  value 
owing  to  the  ronghress  of  the  method  of  experimentation. 
We  had  some  evidence  that  one  influence  at  work  here  may 
have  been  derived  from  our  procedure  of  giving  a  shorter  and 
longer  standard  in  alternation.  This  in6uence  was  the  reverse 
of  contrx'it,  the  standards  tending  to  Ih:  lucntally  assimilated 
towards  an  intermediate  value.  A.  was  given  a  series  in 
which  a  9  second  standard  was  used  continuously,  and  this 
was  overestimated,  the  error  being  — 1.5,  although  7  and  10 
seconds  had  been  underestimated  by  the  other  method.  The 
auditory  image  played  less  part  iu  A.'s  introspection  in  this 
series,  most  of  the  judgment  being  described  as  mechanical. 
W..  who  overestimated  everything  below  13  seconds,  which 
she  underustimated  when  it  was  given  in  alternation  with  5 
seconds,  the  error  being  -f"*-8.  underestimated  t4  seconds 
given  without  alternation  decidedly  less,  the  error  being  only 
+.6.  Aid.,  who  also  lengthened  all  the  intervals  but  the 
longest  used.  10  seconds,  overestimated  8  seconds  by  an  error 
of — 1.05  when  it  was  used  in  alternation  with  4  seconds,  but 
by  an  error  of — 2.65  when  used  alone;  that  is,  there  was  a 
certain  tendency  iu  the  direction  of  underestimatiou  of  this 
interval  when  used  in  alternation  with  a  much  shorter  one, 
although  the  tendency  did  not  amount  to  actual  underestima- 
tion. S.,  on  the  other  hand,  who  was  given  the  standard  ot 
4  seconds,  with  which  she  made  the  best  record  where  short 
and  long  standards  were  alternated,  the  error  being  only  —  .t, 
in  a  series  by  itself,  made  an  error  of  only  — .2,  so  that  it 
looked  as  though  she  found  this  interval  especially  easy  to  re- 
prxMluce  under  any  circumstances.  P.  was  not  tested  on  this 
point. 

Rough  as  the  experiments  in  this  study  are,  their  results 
indicate  a  few  conclusions  of  some  interest. 

(i)  There  is  great  individual  diOereuce  iu  the  methods  used 
for  the  reproduction  of  the  standard  interval;  the  principal  ones 
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are  strain  and  relaxation,  imagined  movements,  auditory 
rhythm  and  the  spontaneous  occnrrence  of  auditory  images  of 
the  limiting  stimulus. 

(2)  Where  strain  and  relaxation  were  prominently  con- 
cerned there  was  a  tendency  to  shorten  the  longer  standards, 
possibly  on  account  of  fatigue. 

(3)  Where  a  short  and  a  long  standard  were  alternately  used 
no  contrast  effect  whatever  was  visible;  rather  there  were  some 
Indications  of  a  tendency  to  a^imilate  the  two  towards  an 
intermediate  value. 


IV. 


Thh  Loss  of  Associative  Power  in  Words 
After  Ix>ng   Fixation. 


By  BUZABRTU  Sbvbb&ncb  and  MARGAaRT  Pi,ov  Wasbburh. 


The  phenomenon  referred  to  in  the  title  of  this  paper  is  one 
that  is  familiar  to  most  people,  but  has  never,  so  far  as  we  are 
aware,  been  made  the  subject  of  experimental  study.  If  a 
printed  word  is  looked  at  steadily  for  some  little  time,  it  will 
b«  found  to  take  on  a  curiously  strange  and  foreign  aspect. 
This  loss  of  fatnilianty  in  its  appearance  sometimes  makes  it 
look  like  a  word  in  another  language,  sometimes  proceeds  fur- 
ther until  the  word  is  a  mere  collection  of  letters,  and  occa- 
sionally reaches  the  extreme  where  the  letters  themselves  look 
like  meaningless  marks  on  the  paper.  In  the  presi;nt  study  we 
have  attempted  to  observe  this  process  in  detail  and  under 
experimental  ci>nlroI. 

To  secure  uniformity,  the  words  used  were  all  of  six  letters, 
printed  in  long  primer  type,  cut  out  of  the  same  periodical  and 
placed  upon  a  background  of  white  paper.  Words  without 
capital  letters  were  employed.  The  observers,  six  women,  all 
with  a  fair  amount  of  introspective  training,  were  required  to 
look  fixedly  at  a  word  for  a  period  of  three  minutes,  measured 
by  a  stop  watch,  and  to  describe  all  the  changes  undergone  by 
the  appearance  of  the  word.  The  approximate  time  of  these 
changes  was  noticed.  A  few  typical  instances  of  the  resultant 
phenomena  are  here  given : 

I)    Word:  eareer.  Ot»emr:  W. 

■me :    6  sec.     fe^r  stands  out  prominently  and  gives  the  word  an  un- 
familiar look. 
Sound  BUgfC'^stion  ^care— cr. 

"  "  =career,  (or  a  sinf[le  instant. 

The  second  e  looks  lifcec;  the  sound  of  the  Latin  word 
career  anRgested. 
I  min.  30  KC.     No  sonod  saggestioa :  the  word  looks  entirely 
foreign. 
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22  sec, 
ja  sec. 
46  sec. 
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3  min.  48  Mc.    A  mere  collection  of  letter*,  with  occMional 
'flashes'  of  the  'ckrcex'  soand. 
(3)    Word:  blood.  Obwrrer:  S. 

Time;  13  sec.    Sound  blood. 

34  MC         "     loo,  b  tad  d  look  like  each  other  turned  back* 
wards,  hence  rneaninglesA. 
I  min.  o'b  look  unfamiliftr,  Btsring. 
1    "     13  &ec.    b  and  d  look  like  p  and  q  npiide  dowB. 
I    "    35  sec.    Sonnd  'blood,'  then  'hIMd,'  then  'loo.' 
a     "    39  MC.    A  collection  of  letters. 

f3)    Word:  rumbU.  Ob«er»er:  Aid. 

3  sec,     Sonnd  of  thunder. 
II  MC.  "       "  bamble  bee. 

31  sec.    Word  divides  into  rum  hie. 
59  sec.     umblc.     t'ciah  Ueep. 

I  min.  31  sec.    No  mesninc  to  word. 
39  sec.     a  looked  like  n  upside  down.     No  soaod  or  meaoifie. 

3  min.  39  sec.     Thiuk  of  sound,  but  it  do  longer  fits  the  look 
of  the  word. 

3  min.  59  sec.     Letters  ail  look  qnccr. 

These  examples  will  serve  to  illustrate  the  general  character 
of  the  results.  The  f(inowitig  feet  appeared  as  the  otitcome  of 
a  careful  cotnparison  of  the  data  from  all  the  ohscr^'crs.  If 
the  componcnLs  which  enter  into  the  mental  complex  ordinarily 
involved  in  the  sight  of  a  printed  word  be  grouped  under  the 
three  heads  of  visual,  auditory- motor  and  meaning  elements, 
it  may  be  said  that  the  meaning  of  the  word  and  its  normal 
auditorj"- motor  image  usnally  disappeared  from  consctou.<;ness 
within  a  few  s^rconds  after  fixation  began.  The  place  of  the 
normal  audttoTy-m<itor  image  was  often  taken  by  others  sug- 
gested by  fragments  of  the  vi&ual  word  which  assumed  special 
prominence;  in  other  cases  foreign  language  sonnd  associations 
appeared.  At  instants  during  the  entire  experiment  the  nor- 
mal sound  image  might  recnr  'for  a  ilash.'  In  the  latter  part 
of  an  experimeot  all  sound  and  meaniug  elements  would  often 
vanish,  yet  the  cumbinatiua  of  visual  elements  would  still  be  a 
familiar  one.  Later,  tlie  visual  word  might  lose  its  familiarity 
as  a  combination  and  be  desctibed  as  "a  collection  of  letters." 
And  finally,  even  the  letters  ihemselves  sometimes  became  un- 
Eamiliar,  the  printed  word  appearing  to  be  a  number  of  strange 
marks  00  the  paper.  These  stages  by  no  means  all  occurred 
in  every  experiment,  but  they  were  observed  with  suf&cient 
frequency  to  allow  their  order  to  be  approximately  determined 
as  above.  In  explanation  of  them  the  following  considerations 
are  offered. 

The  first  effect  of  gating  fixedly  at  a  word  is  naturally  to 
couceotrate  attention  apon  its  ap^arana.  Under  ordinary 
circumstances,  the  look  of  a  word  in  a  familiar  language  is  at- 
tended to  only  for  the  briefest  possible  instant ;  its  sound  and 
meantng  associations  at  once  enter  upon  possession  of  the  field 
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of  attention.  The  very  fact  that  the  obscrrer  in  our  experi- 
ments was  told  to  look  fixedly  at  the  word  resulted  in  an  ab- 
uormal  promineace  of  the  visual  elements  in  the  ordinary  word 
complex.  Several  pheuomena  connected  with  this  fact  were 
observed  which  (jreatly  contributed  to  the  loss  of  the  normal 
associations  of  the  word.  First,  the  letters  in  the  word  tended 
to  fall  into  groups.  The  normal  sound  association  of  the  whole 
word  accordingly  vanished,  and  each  of  the  two  or  more  groups 
of  letters  into  which  the  word  disintegrated  gave  a,  sound  sug- 
gestion of  its  own.  Thus  'castle'  became  "cast-le.*  'toward* 
became  'tow-ard,'  and  so  on,  In  all  the  observers  an  indlna* 
tion  was  noted  to  make  this  division  a  symmetrical  one ;  'regret' 
was  'reg-ret,'  'secret.'  'sec-ret.'  Words  like  'terror,'  'coffee,' 
'yellow,'  whose  syllables,  that  is,  division  of  the  normal  sound 
im^e,  OHTesponded  to  symmetrical  divisions  of  the  visual 
word,  kept  normal  sound  and  meantug  longer  than  those  whose 
visual  and  auditory  divisions  did  not  coincide ;  thus  'mother' 
promptly  became  'mot-ber.'  Secondly,  the  form  of  one  or  two 
letters  in  a  word  would  often  stand  out  with  special  prominence 
from  among  the  others.  These  tetters  were  more  commonly 
those  with  more  striking  forms,  such  as  *a'  and  's;'  'm'  was 
also  3  salient  letter  apparently  because  of  its  greater  area,  so  to 
speal^;  but  the  tetters  b,  p,  d,  q,  u  and  n  had  a  curious  way  of 
assuming  prominence  because  of  their  tendency  to  reverse 
themselves.  That  is,  p  would  look  like  d  upside  down,  b 
would  look  like  d  reversed  and  so  on.  This  concentration  of 
attention  on  a  single  letter  was  a  powerful  factor  in  bringing 
about  the  loss  of  the  normal  sound  association  of  the  word, 
and  also  in  destroying  its  familiar  look.  Thirdly,  when  a  word 
was  unphonetically  spelled,  it  tended,  on  being  fixated,  to  sug- 
gest the  sounds  connected  with  the  various  letters  rather  than 
its  proper  pronunciation.  The  word  'caught'  for  example  very 
quickly  called  up  the  sound  "cagt,"  Tliis  wa.s  undoubtedly 
connected  with  the  tendency  of  individual  letters  to  become 
the  focus  of  attention  in  the  visual  word.  One  could  not  say 
that  the  more  usual  sound  association  was  suggested  in  place 
of  the  less  usual  one,  for  the  letters  'aught'  are  never  pro- 
nounced 'flgt;'  the  fact  was  that  the  'g'  usurped  attention  be- 
cause of  ilK  striking  form,  and  producetl  its  own  sound  associa- 
tion. On  the  other  hand,  the  word  'indict'  suggested  'in  diet' 
both  because  the  c  was  attended  to  and  because  the  syllable 
'diet'  is  more  commonly  pronounced  as  iu  'diction.'  'Tongue' 
promptly  sugge.<te<l  the  sound  'toa  guc,'  because  attention 
fixed  on  the  look  of  the  word  naturally  centered  as  much  oo 
the  silent  letters  as  on  those  ordinarily  sounded. 

Again,  the  appearance  of  a  word  steadily  fixated  would  some- 
times suggest  the  sound  association  of  a  foreign  language. 
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Occasionally  tbe  whole  word  would  act  in  tbis  way,  as  when 
the  word  'circle*  calktl  up  the  Italian  pronunciation  'chirclc. ' 
At  other  times  when  the  word  had  'separated'  into  parts,  a 
part  would  suggest  the  foreign  sound  ;  for  instance,  in  the 
word  'jungle.'  the  letters  'juug'  associated  themselves  with 
their  German  sound. 

The  loss  of  meaning  association  from  tbe  word  complex 
seems  to  us  to  be  intimately  connected  with  the  fluctuations 
and  changes  in  the  sound  images  suggested.  The  associative 
connection  between  the  sound  of  a  word  and  its  meaning  is 
much  closer  thau  that  between  the  meaning  and  the  mere  look 
of  the  word.  When,  as  nut  infrequently  happened  in  the  later 
stages  of  an  experiment,  no  sound  image  whatever  was  present, 
although  the  word  as  seen  retained  its  familiarity,  there  was 
never  any  vestige  of  meaning  present.  The  look  of  a  word 
probably  cannot  suggest  its  meaning  without  the  simultaneous 
presence  of  an  auditory- motor  image.  The  (act  that  spoken 
language  is  Iwth  earlier  learned  and  oftener  used  than  written 
language  is  a  sufficient  reason  for  this. 

The  meaning,  then,  vani.shes  when  the  proper  sound  image 
of  the  word  disappears.  But  why  should  the  latter  go?  We 
have  seen  that  its  place  is  usually  taken  by  other  sound  images 
suggested  by  parts  of  the  visual  word,  either  syllables  or  let- 
ters. The  reasun  why  these  fragments  of  the  word  assume 
prominence  is  doubtless  connected  with  the  law  of  shifting  at- 
tention. The  attention,  concentrated  tipfin  the  appearance  of 
the  word,  cannot  remain  fixed  for  more  than  a  few  seconds 
upon  this  as  a  whole,  but  shifts  from  one  syllable  to  another. 
or  is  attracted  to  a  particular  letter  that  has  some  peculiarity  of 
form;  and  as  now  one  part  of  the  vi.sual  word,  now  another,  is 
attended  to,  the  sound  associations  also  vary.  The  normal 
sound  association  of  the  whole  word  is  thus  tost. 

If  we  ascribe  tbe  loss  of  meaning  and  of  the  normal  sound 
image  to  the  shifting  of  attcatiou  from  one  part  of  tbe  visual 
word  to  another,  how  are  we  to  explain  the  further  changes 
that  often  occur  in  ihe  later  part  of  an  experiment?  At  one 
stage,  the  printed  word,  with  a  perfectly  familiar  aspect,  is  at- 
tended to  as  a  whole,  without  tbe  slightest  suggestion  of  either 
sound  or  meauiug.  Then  the  familiarity  mark  of  the  combina- 
tion may  be  lost,  and  tbe  word  is  a  group  of  letters,  the  letters 
themselves  being  really  letters,  however,  that  Is,  being  familiar, 
though  without  .sound  suggestion.  And  finally,  the  letters 
themselves  become  uiere  oddly  shaped  marks  on  paper.  Thus 
for  example,  'pocket'  with  observer  S.  first  snggcsted  a  mean- 
ing association,  which  was  lost  upon  tbe  word's  separation  of 
itself  into  poc-ket;  then  the  c  looked  like  a  broken  'o'  and  the 
sound  suggested  was  'pooket;'  then  the  letter  k  assumed 
prominence  and  began  to  look  unfamiliar ;  finally  all  the  letters 
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except  p  and  o  'looked  qneer.'  The  word  'middle,'  after  sug- 
gesting two  or  three  meanings  to  observer  Sea.,  lost  its  ordi- 
nary meanings  through  the  prominence  assumed  by  'iddle,' 
which  seemed  to  the  obsenxr  to  have  a  vague  meaning  of  its 
own,  as  well  as  a  sound;  then  the  word  beoime  a  mere  collec- 
tion of  letters,  the  d's  looking  like  b's  turned  backward,  and 
at  the  end  of  the  three  minutes  the  letters  themselves  had  be- 
come 'queer  marks.'  A  fact  which  interested  us  about  the 
later  stages  was  that  the  visual  word  as  a  whole  could  look 
familiar  after  it  had  ceased  to  suggest  either  meaning  or  audi- 
tory-motor associations.  The  same  was  true  of  the  individual 
letters.  The  passage  from  the  stage  where  the  word  was  a 
familiar  visual  object  in  its  entirety  to  that  where  it  became 
a  mere  'collection  of  letters'  was  distinclly  later  in  its  occurrence 
than  the  loss  of  definite  associattous  with  the  word.  Similarly, 
when  the  letters  themselves  ceased  to  be  letters  and  became 
marks  on  the  paper,  it  was  not  because  they  lo^t  at  that  mo- 
ment all  suggestion  of  sound :  the  sound  had  usually  gone 
sometime  before.  It  was  a  loss  of  familiarity,  not  of  association; 
and  the  experiments  illustrated  very  clearly  the  fact  that  famil- 
iarity, recijgiiitiuu,  does  nut  necessarily  involve  associated  ideas. 

But  why  do  the  shifting  associations  disappear,  and  why 
does  the  femiliority  itself  ultimately  disappear  ?  If  the  shifting 
Rssociatious  arc  due  to  the  tendency  of  attention  to  fluctuate, 
the  same  tendency  which  is  illnstrBted  io  rivalry,  and  is  here 
shown  by  the  wandering  from  one  part  of  the  visual  word  to 
another,  why  does  nut  this  process  keep  up  indefinitely  7  It 
looks  very  much  as  though  we  had  to  deal  here  with  something 
like  auto-hypnosis.  Prolonged  concentration  of  the  attention 
upon  an  object  which,  while  it  does  uol  remain  entirely  un- 
changed, yet  can  change  only  within  narrow  limits  and  with 
coD-stnut  recurrence  to  the  same  phases,  produces  au  increasing 
narron-ncss  of  the  field  of  consciousness ;  the  associations  drop 
off  entirely,  then  the  'fringe'  of  familiarity  goes,  and  finally  we 
approach  as  nearly  to  a  bare,  peripherally  excited  sense  im- 
pression of  the  marks  which  normally  are  letters,  as  we  can  get 
in  adult  experience.  Whatever  may  ultimately  turu  out  to  be 
the  explanation  of  the  narrowing  of  consciousness  in  hypnosis 
brought  on  by  attention  to  a  monotonous  object,  will  explain 
the  final  loss  of  associative  power  and  of  familiarity  in  a  word 
long  fixated.  For  attention,  pure  Being  and  Not- Being  are 
identical ;  we  attempt  to  reach  perfect  concentration  of  atten- 
tion upon  a  single  object,  and  the  object  dissolves  in  the  process. 

In  conclusion  we  may  add  that  analogous  phenomena  have 
been  observed  by  many  people  as  occurring  when  a  spoken 
word  is  repeated  a  number  of  times,  so  that  attention  is  ab- 
nonnally  concentrated  on  its  sound.  Kxperiments  upon  this 
oint  are  to  be  uudertakeu  io  the  near  future. 


ON  SYSTEMATIC  ERRORS  IN  TIME  ESTIMATION. 


By  P.  M.  Ukban,  Dnlvenity  of  PeDnsylvanis. 


It  was  foand  in  a  statistical  study  on  the  estimation  of  time- 
intervals '  of  different  length  and  of  different  filling  by  a  great 

number  of  subjects  that  the  numerals  (o,  t 9)  did  not 

occur  with  the  same  frequency  at  the  last  place.  The  numerals 
zero  and  five  occurred  with  the  greatest  frequency  and  the 
numbers  next  to  zero  and  five  ( i  and  9,  4  and  6)  occurred  with 
the  smallest  frequency.  Since  there  was  in  the  statistical  data 
no  indication  for  a  further  analysis  of  this  fact,  tt  seemed  nec- 
essary to  go  back  to  the  study  of  this  phenomenon  in  individ- 
ual psychology.  An  investigation  was  about  lo  be  undertaken 
when  a  paper  of  Mr.  O.  MeJssner'  was  published,  which  dis- 
cussed the  estimation  of  short  time  intervals  in  terms  of  frac- 
tions (tenths)  of  a  second.  These  results  show  striking  simi- 
larities with  ours  bnt  they  show  also  some  differences  and 
considerable  light  is  Ihrown  on  rhe  naltire  of  the  mental  process 
of  estimating  time  by  comparing  both  results.  I  owe  to  the 
kindness  of  Mr.  Mei^sner  some  important  information  and  val- 
uable help  which  assisted  me  greatly  in  this  work, 

Mr.  Mctssner's  results  refer  to  the  estimation  of  short  time 
intervals  by  trained  subjects,  The  results  are  taken  from  the 
obser\'ations  of  transits  of  stars  made  by  three  observers,  who 
are  call«i  W,  K,  and  N.  N  made  12,285  observations;  K  and 
N  made  8,505  and  16.215  observations  respectively.  The  series 
of  observations  was  extended  over  several  years  and  with  two 
of  the  observers  inicimisaions  of  considerable  length  occurred. 
At  the  beginning  of  the  series  N  was  35  years,  and  W  and  K 
were  between  20  and  22  years.  N  was  a  practiced  observer; 
the  practice  of  W  and  K  was  not  great  but  they  had  had  some 
practice.  In  so  great  a  number  of  observations  one  would 
suppose  that  e\'ery  tenth  should  occur  in  the  judgments  ap- 
proximately with  the  same  frequency,  i.  t.,  in  10^  of  all  the 

'Id  ft  joist  publlcoiioti  of  the  ftutlior  with  Mr.  R.  M.  Ytrke*.  Time 
BBtimAtiot)  in  \\%  KrUlton  to  Sex,  Age,  kri]  the  rbyaiologicsi  RhythmB, 
1906,  KftTvard  PsycholoKical  Studies,  Vol  II,  pp.  4o5-ii30. 

"Otto  Melssner:  Vcbcr  ByslcDiHtlsctie  Pchler  l)ei  Zett  iind  Raudi 
Sch*elxuEieei>>  Antronotniwlir  NHCIiHchteii,  Aug..  1906,  Vol.  17a.  No. 
4113.  A  short  report  nuy  be  found  in  SiUuuKsoerichte  d«r  Berliner 
UftthemBtiKhen  GcMllBCbift,  2$,  April,  1906.  pp.  70-73  (Arcblv  der 
UatbetuBtik  nod  Physik,  Vol.  X,  Noa.  3  and  4). 
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cases.  The  resuUs,  however,  show  that  certain  numerals  are 
always  favored,  i.  e.,  they  occur  in  a  higher  frequency  than 
io%.  This  predilection  is  subjected  to  variatioas,  which 
may  be  considerable  and  which  are  appareatly  quite  irreg- 
ular. This  prefereuce  for  certain  autnerals  constitutes  a  sys- 
tematic error  which  one  cannot  obviate  by  combining  the  re- 
sults, because  only  accidental  errors  can  be  eliminated  in  this 
way.  These  systematic  errors  varied  much  with  W,  iu  whose 
judgments  the  frequency  of  zero  la  the  last  part  of  the  Kcries 
was  one-hatf  of  that  in  the  first  part,  but  they  remained  fairly 
constant  with  N.  The  fact  that  N  was  a  practiced  observer 
and  that  W  had  had  not  much  practice  suggests  the  view  that 
these  variations  depend  on  the  practice  of  the  observer.' 

TABt,S  I- 


Ihraquency  of  the  Numerals 

<o  to  9)—W 

f3,iS^  Observatiomf,  K  J.fOC 

Observations.  N  16,21$  Obseroations. 

W 

K 

N 

Average. 

o 

9.04 

31-59 

19-23 

16.63 

I 

9-45 

389 

5-24 

6.19 

s 

ia.32 

4-7» 

ia-49 

9-84 

3 

II   15 

9-35 

13.52 

II -oa 

4 

"•97 

15- 10 

to.91 

12.66 

1 

l:S 

II.  rj 

8.09 

8-54 

10 -39 

4-45 

7-71 

I 

It. 63 

9.00 

3-"9 

S.61 

II.  J7 

7.04 

14  37 

IO.% 

9 

8-45 

7-75 

7-5* 

7.91 

The  frequencies  of  all  the  numerals  are  given  iu  Table  I. 
The  first  three  columns  under  the  headings  W,  K  and  N, 
give  the  individnal  results  of  these  observers  and  in  the  last 
column  these  results  ore  combined  into  an  arithmetical  mean. 
In  the  individual  result.s  the  great  personal  differences  arc  ob- 
vious at  ouce;  the  frequeucy  of  2,  for  instance,  varies  from 
2.49%  to  13.33%.  The  general  trend  of  these  results  becomes 
clearer  by  an  examination  of  their  average.  They  show  ( i), 
that  the  small  numbers  (o  to  4)  occnr  more  frequently  than  the 
high  numbers,  the  sum  of  the  percentages  being  for  the  low 
numbers  56.35,  and  for  the  high  numbers  43.70.  The  sum  of 
these  percentages  is  not  exactly  100  owing  to  an  error  of  com- 
putation. (2).  Thenumbersdonot  occur  with  equal  frequency, 
zero  having  the  highest  frequency.  3  and  8  occurring  next  with 
a  small  dim^rence  which  might  be  accounted  for  by  an  inaccu- 
racy of  the  numerical  determination.  The  smallest  frequencies 
are  those  of  i,  6  and  9  in  the  order  given. 


>  See  MeisRDvr :  1.  c.  TsbtcB  I,  II  and  III. 
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For  a  comparison  of  Mr.  Meissner's  results  with  oars  Table 
III  (Males)  of  the  article  quoted  above  comes  iato  cocsidera- 
tiou.  These  unmbers  arc  not  directly  comparable  with  Mr. 
Mejssaer's  results  because  the  estimation  of  long  time  intervals 
is  DOt  only  uDdcr  the  influence  of  the  preference  for  certain 
numerals  but  also  under  the  influence  of  the  coaveutioual  min- 
ute standard.  The  numbers  favored  by  the  latter  influence  are 
the  simple  fractions  of  a  minute  (15",  30",  45"  and  60")  and 
their  mnltiples.  The  final  digit  of  such  numbers  is  o  or  5,  the 
frequency  of  which  is  increased  by  this  influence,  which  must 
be  eliminated  for  the  comparison  because  the  results  of  the 
estimation  of  short  time  intervals  are  free  from  it.  This  can 
be  done  in  this  way.  AmoDg  alt  the  judgments  given  there 
are  1,666,  the  6nal  digit  of  which  is  zero.  According  to  chance 
one-third  of  these  (555)  should  be  multiples  of  30,  because 
among  three  consecutive  multiples  of  10  there  is  one  multiple 
of  30.  As  a  matter  of  fact  there  are  732  and  by  subtracting 
this  surplus  of  207  the  influence  cf  the  minute  standard  may 
be  eliminated.  A  similar  compntation  may  be  made  for  the 
numeral  5.  On  the  basis  of  this  computation  one  may  correct 
the  relative  frequencies  of  the  other  nnmerals;  the  results  are 
given  in  Table  II. 

TA.BLK  II. 
Corrtded  Frequeuey  0/  lk€  Nminerals  o  to  9. 


Fr«(jaeacr. 

Percentage. 

True  Value. 

0 

"77 

36.7*4 

1 

191 

3-775 

o.aoa 

3 

"7 

*p; 

0.233 

i 

15s 

4-836 

o,ji3 

4 

144 

4-493 

0.360 

1 

660 

w-593 

0.4BS 

JM 

4-n4 

0.613 

7 

170 

s-304 

0.663 

8 

381 

8.767 

0-733 

9 

117 

3-963 

0.796 

3ao3 


A  comparison  of  these  resnita  with  the  numbers  of  Table 
in  of  the  pre\-ious  article  will  show  that  this  change  does  not 
affect  the  relative  frequencies  in  a  material  way.  The  motrt 
favoied  numeral  in  this  case,  too,  is  zero,  the  next  is  5  and  then 
comes  8.  The  numerals  1,  9,  4  and  6  have  the  smallest  fre- 
quency in  the  order  given.  These  results  agree  with  Mr. 
Meissner's  observatious  by  giving  the  greatest  frequency  to  o 
and  by  showing  that  S  is  favored  and  that  t,  9  and  6  are  at  a 
disadvantage.  They  do  not  agree  in  regard  to  the  frequency  of 
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5  and  4.  The  moat  strilciog  dtfierence  is  that  of  the  numerical 
values  of  thcae  relative  freqtieacies.  This  differeQce  is  due  to  the 
overwheliuiug  frequency  of  o  and  5  which  a&ects  the  frequeacy 
of  the  other  Dumerals  in  such  a  way  that  they  are  throughout 
smaller  than  those  of  the  observatictis  of  Mr.  Mei&sner.  The 
ioflueace  in  favor  of  o  and  5  is  much  stronger  in  our  experi- 
ments. 

This  partial  verificatiou  of  these  two  series  of  experiments 
might  be  interpreted  as  indicating  a  common  factor  in  both 
series  of  observations,  the  influence  of  which  was  partially 
counterbalanced  by  some  other  circumstances.  The  common 
factor  may  be  called  the  preference  for  certain  numerals  and  the 
nature  of  the  other  influence  can  be  studied  by  means  of  the 
following  considerations. 

Among  the  results  of  W,  there  are  9.04%  cases  in  which  he 
observed  the  interval  o  and  9.45%  cases  in  which  he  observed 
the  interval  o  1."  This  means  that  all  these  intervals  which 
differ  by  not  more  than  0.0452"  from  zero — r.  e.,  the  interval 
from— 0.9548"  to +  0.0452" — are  judged  to  be  zero.  Corres- 
pondingly the  end  of  the  interval  which  he  considers  to  beo.i'' 
has  the  distance  from  zero  0.045  ~|-  i^  0.94  ^  0.045  +  0047  ^ 
0.092'.  This  means  that  all  the  intervals  from  0.046'  I00.137' 
are  judged  to  be  o.i",  and  0.092",  the  average  may  be  re- 
garded as  the  interval  corresponding  to  Ws  estimatioa  of  o.  t". 
By  continuing  this  operation  one  may  find  for  all  the  other 
numerals  the  corresponding  intervals  which  are  called  the  true 
values  of  the  estimation.  They  are  given  in  Table  III  for  Mr. 
Meissuer's observations' and  in  Table  II  under  the  heading 

Tabu  III. 


w 

K 

H 

0.0 

0.000 

0000 

0000 

O.I 

0.093 

0.137 

0-123 

0.3 

0.3O2 

O.ljt 

o.atr 

0.3 

0.319 

0-a4i 

0  337 

0.4 

O.43J 

0.364 

0-404 

°oi 

o.S»7 

0-49S 

0548 

0-599 

0.603 

0-611 

u 

0.699 

0.700 

0.659 

0.814 

0.780 
0-849 

0-757 
0.867 

09 

0.913 

"Tmc  Value"  for  our  experiments.  Table  III  shows  that  the 
estimated  intervals  coincide  most  closely  with  the  actual  inter- 
vals for  0.6"  and  0.7",  and  that  W  has  the  tendency  to  over- 
estimate and  K  to  underestimate.      The  judgments  of  N  show 


'Se«  MeiMoer'a  1.  c.  p.  141,  H2. 
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a  coDslant  overesttmation  for  the  intervals  from  o.i"too.6" 
and  from  this  point  the  overestitnation  tunis  into  aa  uoderesti- 
mation,  the  amount  of  error  being  smallest  and  the  accuracy 
being  greatest  for  0.6."  The  judgments  of  W  and  K  Ixrar  out 
the  same  relation :  the  exaciitnde  is  greatest  for  0.6"  and  0.7." 

These  figures  agree  very  well  with  the  results  of  previous 
psychological  investigations-  Small  time  intervals  are.  as  a 
rule,  overestimated  and  larger  time  iatervats  are  underesti- 
mated. There  lies  between  the  large  and  the  small  intervals 
a  point  of  indifference  at  which  the  estimated  length  of  the  in- 
tervals correspond  most  accurately  to  the  real  length.  This 
point  lies,  according  to  different  observers,  between  0.5'' and 
0.7"  and  uniting  these  results  into  a  mean  one  may  take  0,6" 
for  this  point.'  These  conditions  are  exactly  veriBed  in  the 
obscr\'er  N  who  had  many  years  practice  in  these  observations. 
The  two  iiiher  olwervers  show  slight  differences.  W  overesti- 
mates gmall  intervals  and  is  most  exact  in  his  estimations  of 
intervabof  0.6"  and  0.7"  but  he  overestimates  also  the  inter- 
vals of  O.S"  and  0.9".  K  underestimates  long  and  short  inter- 
vals but  also  his  estimation  is  most  correct  for  0.6"  and  0.7''. 
These  facts  account  for  the  great  frequency  of  the  small 
numerals. 

The  great  frequency  of  7.ero,  too,  can  be  explained  from  the 
conditions  of  the  experiments.  The  judgment  zero  will  be 
given  if  the  star  crosses  the  line  in  the  moment  of  a  beat  of 
the  clock.  From  the  experiments  with  the  "Complications- 
uhr"  we  know  that  for  the  moat  part  the  sound  is  located  at 
a  point  which  is  distingnished  from  the  other  points  by  some 
marks.  Thus  it  occurs  but  seldom  that  the  sound  is  located 
between  the  dashes  of  the  clock.^  The  lines  in  the  telescope 
play  the  same  r61e  as  the  marks  on  the  dial  of  the  clock  and, 
therefore,  the  beat  of  the  clock  is  heard  more  frequently  at  the 
moment  of  the  siar  crossing  the  line.  This  accounts  not  only 
for  the  excessive  frequency  of  zero  but  also  for  the  low  frequency 
of  I  aud  9,becauseii  in  a.seriesof  equal  small  lime  intervals  one 
interval  is  marked  ia  such  a  way  as  to  induce  an  overestima- 
tion  of  it,  then  the  overestimation  is  made  at  the  expense  of 
the  adjoining  inter\'als  which  are  underestimated. 

It  is  obvious  that  a  similar  computation  of  the  "true  values" 
for  our  results  cannot  have  the  same  signification.  The  re- 
sults, indeed,  show  that  the  estimation  comes  nearest  to  the 


'  Wuudt,  PbysJotogiMht  Psycholocie,  5.  ed.  Vol.  Ill,  p.  47.  Wondt 
refecB  to  th«  iDT«Hti(;atious  of  Kolleri.  Katel  and  Meumano;  a  thor- 
ough <li!ica«iioQ  of  their  results  is  to  be  foand  in  I.  Oaaodt,  Da«  Prob> 
lem  de«  Zehbewu^stseiria,  I.ittefaturbericbt,  Afch.  T.  d.  ge».  PsjcboK 
one.  1906,  Vol.  VIII.  pp  143-189- 
^Compure  Wuadt;  Pbysiblogie  Paj-cbologie,  5  ed.  Vol.  U 
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trae  value  for  0.6",  but  the  change  from  overcstimation  to  un- 
derestimation is  quite  irregular.  The  intervals  from  0,1"  to 
0.3"  are  overestimated,  then  this  overestimatioa  changes  into 
nndereslimatton  for  0.4"  and  0.5".  The  interval  of  0-6"  is 
overestimated  again  but  the  other  intervals  from  0,7"  to  0.9" 
are  underestimated.  This  warrants  our  statement  that  the 
factor,  the  influence  of  which  on  the  judgment  of  short  inter- 
vals was  just  proved,  is  not  at  work  in  the  estimation  of  large 
iuter^-als.  The  explanation  of  tlie  very  high  frequency  of  zero 
and  five  in  the  estimation  of  lung  intervals  is  to  be  found  merely 
in  the  general  inaccuracy  of  the  estimation  which  is  expressed 
by  the  preference  for  round  numbers.'  The  low  frequency  of 
the  nifmbers  which  are  next  to  the  round  numbers  may  be  ex- 
plained by  the  subject  feeling  the  inaccuracj*  of  the  judgment 
which  dues  not  warrant  a  deviation  from  a  rutind  number  by 
so  small  a  margin.  The  view  that  the  low  frequency  of  these 
nnmcrals  is  due  to  underestimation  of  the  seconds  just  pre- 
ceding or  following  everj-  fifth  and  tenth  second  has  but  Httle 
psychological  probability.  It  is  contradicted  also  by  introspec- 
tion which  shows  that  the  judgment  in  this  case  is  not  based 
ou  the  perception  of  a  succession  of  small  intervals  among 
which,  perhaps,  every  fifth  «>r  tenth  is  accentuated,  but  the 
estimation  refers  to  the  vague  notion  of  intervals  of  approxi- 
mately the  same  duration.  It  does  not  seem  possible  to  give 
at  present  a  reason  for  the  diflferciices  in  the  frequencies  uf  the 
other  number  (3,  3,  8  and  9),  amoug  which  the  even  numbers 
occur  with  a  higher  frequency  than  the  nncvcn.  An  cxplniia- 
tion  is  not  offered  by  saying  that  the  different  frequencies  of 
the  numerals  are  due  to  a  preference  for  certain  numerals,  be- 
cause, without  introspective  or  objective  evidence  for  such  a 
predilection,  the  only  possibility  of  giving  an  account  for  this 
preference  is  to  refer  to  the  different  frequencies.  "Preference 
for  certain  numerals"  and  "different  frw|oencles  of  certain 
numerals"  are  only  different  names  for  the  same  thing  and  the 
first  tcrui  is  misleading  in  so  far  as  it  might  lead  one  to  sup- 
pose that  there  exists  a  certain  mental  process  which  in  every 
case  is  the  cause  of  the  differences  in  the  frequencies  of  the 
numerals.  There  is  positive  evidence  that  such  a  process  does 
not  exist.  If  there  existed  such  a  mystertons  process  then  it 
could  not  happen  that  the  same  numeral  occars  with  a  fre- 
quency which  is  subjected  to  variatious  which  arc  so  large  as 
thiwc  of  the  frequency  of  4  and  5  in  our  experiments  and  in 
those  of  Mr.  Meissner's  scries.  It  seems  reasonable  to  take  the 
view  that  the  terms  "preference  for  certain  numerals"   is  a 


'  Other  rescouf  lor  this  atfttemeot  may  b«  found  in  the  article  on 
time  Mtlmatioo,  pp.  4]i-4i8- 
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abort  designation  for  an  tinanftlyzcd  group  nfcondlHons  which 
is  the  cause  of  the  di£Fertuccs  in  the  frequencies  uf  the  uume- 
rals;  these  groups  of  conditions  may  be  widely,  or  perhaps  even 
absolutely,  different  in  two  series  of  experiments. 

The  comparison  of  these  two  series  of  observations  shows 
that  there  are  certain  common  results  (high  frequency  of  cer- 
tain numerals,  low  frequency  of  the  numerals  adjoining  to 
them).  The  high  frequencies  are  apparently  due  to  different 
mental  couditiuuii,  but  the  low  frequencies  of  the  adjoining 
numerals  may  be  brought  under  the  general  rule  that  the  ele- 
ments of  a  complex  which  are  next  10  a  favored  complex  with 
which  they  are  not  associated  are  at  a  disadvantage.  The 
chief  result  is  that  the  so-called  preference  for  certain  nume- 
r&ls  is  a  complicated  meatal  process  which  admits  of  a  farther 
psychological  analysis.  The  analysis  of  these  two  series  of  ob- 
servations shows  that  this  preference  for  certain  numerals 
may  be  very  .similar  in  its  numerical  expression  and  yet  it  may 
be  due  to  entirely  different  conditions. 
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STUDIES  IN  ABSOLUTE  PITCH. 


Bf  LUCItfDA.  PSAKL  BOGGS,  PH.  D. 


Absolute  pitch  is  one  of  tbose  curious  psychological  phe- 
nomena which  is  at  present  rather  a  pui^zlc.  Its  raritj'  makes 
it  difficult  of  investi {Ration  and  usually  the  people  who  possess 
it  are  not  trained  in  psychological  introspection.  However,  tt 
has  been  my  good  Tortuoe  to  know  a  number  of  people  who 
possessed  this  remarkable  gift  and  to  have  been  able  in  some 
coses  to  carry  out  a  few  tests  which  seem  to  me  worth  record- 
ing. The  fact  that  they  were  only  ca.'mal  acquaintances  and 
not  students  of  psychology,  and  that  they  were  faraway  from 
a  properly  equipped  laboratory,  precluded  the  elaborate  and 
extensive  tests  which  it  might  be  desirable  to  make. 

By  absolute  pitch  we  mean  the  power  to  recognize  a  single 
musical  note  when  beard,  without  comparison  with  any  other 
tone,  either  objective  or  subjective.  Von  Kries'  and  Stumpf 
both  say  that  this  independence  of  other  tones  is  the  essential 
characteristic  of  absolute  memory  for  tones,  as  they  have  found 
to  the  process  of  their  experimeutatiou.  The  latter  admits 
that  at  one  time  he  believed  the  recognition  of  tones  was  de- 
pendent on  the  judgment  of  intervals,  since  the  observer  could 
not  forget  the  previous  tone  or  the  indispeu.«ble  a  of  the  musi- 
ciao,  but  found  by  a  series  of  tests  that  only  exceptiooally  did 
the  recognition  of  the  interval  aScct  the  judgment.  Whipple* 
also  finds  that  the  iuterval  sense  is  not  used  at  all  and  that  his 
subject  is  very  hazy  in  her  designation  of  intervals.  The  fact 
upon  which  all  psychologists  are  agreed,  that  the  more  quickly 
the  judgment  of  the  tone  is  made,  the  more  accurate  it  is,  also 
goes  to  show  that  intervals  are  not  takea  into  consideration. 

As  to  the  factors  which  contribute  toward  the  accuracy  of 
absolute  memory  for  tones,  the  timbre  of  the  iastrumetit  and 
concentration  of  attention  have  been  shown  to  be  the  most  itn- 
portant.  Von  Kries*  even  considers  that  the  slight  not  imme- 
diately discernible  differences  in  the  timbre  of  tones  differently 


*  Von  KHm:  Ubcr  dan  Abftolate  0«b6r,  7.cit»cliri(t  (tir  d.  Ptychol.  u. 
Physiol  d.  SitmesoTK-.  Vol.  Ill,  p.  365. 

'Sttimpf:  Ton  psycho  logic.  Vol.  I,  p.  306  H, 

*  Whipple :  Stwdic"  in  I'itcb  0)scTiiniii»tton,  /Imtr.  four,  of  Ptychal., 
Vol.  XtV.  p.  29>- 

*  Von  Kries:  op.  cit.,  p.  271. 
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struck  on  the  same  instrumeiit  might  iufluence  the  judgmeat. 
The  tuntD);  of  the  instrument  is  also  likely  to  influence  the 
judgment  if  difference  in  the  tuning  is  very  great,  though  it  has 
not  been  found  that  people  with  absolute  memory  have  a  finer 
pitch  discrimination  than  other  musical  people. 

The  qu^tion  whether  absolute  pitch  can  be  acquired  by 
practice  or  whether  it  is  a  "free  gift"  of  heredity  is  one  upon 
which  it  is  hojied  this  paper  may  throw  some  light.  Von 
Kries'  says  that  he  has  never  found  any  one  who  had  genuine 
absolute  pitch  through  practice,  while  M.  Meyer  '  has  showa 
that  a  fair  degree  of  absolute  memory  may  be  acquired. 
Stnmpf*  attributes  at  least  something  to  practice,  as  be  has 
noticed  that  different  people  judge  correctly  oftenest  in  those 
tone  regions  with  which  they  are  most  familiar.  Hence  be 
finds  that  with  most  persons  judgments  are  oftenest  correct  in 
the  middle  region  of  tones,  which  are,  of  course,  the  ones 
ofteuest  heard. 

As  to  the  nature  of  this  "gift"  of  absolnte  tone  memory,  as 
Stumpf •  says,  it  must  manifestly  be  placed  under  memory  in 
general.  He  thinks,  with  Bain  and  Ribot,  that  the  fineness  of 
the  sensations  may  have  something  to  do  with  the  richness  of 
the  memory.  "One  might  say:  when  a  sense  organ  presents 
finely  gradated  sensations,  each  one  has  then  more  help  in  re- 
production. But  on  the  other  hand,  one  might  equally  as  welt 
conclude  that  the  great  number  mutually  confuse  one  another 
and  disturb  the  reproduction.  Better  say,  perhaps,  that  through 
the  richer  material  a  stronger  necessity,  and  through  the  fine- 
ness of  the  possible  distinction,  a  greater  stimulu:^  arises  for 
employment  and  practice  with  this  sense.  Retentive iiess  itself 
is  not  greater,  but  the  number  of  casks  of  practice  increases 
through  the  variety  of  distinguishable  sensations."  In  the 
next  paragraph  he  says  that  "the  completeness  of  the  memory 
is  more  closely  connected  with  the  liveliuess  of  the  feelings 
than  the  fineness  of  the  senses,  in  so  far  as  the  feelings  give 
rise  to  a  constant  direction  of  the  attention  to  a  certain  field  of 
perceptions."  The  conclusion  drawn  from  my  own  experi- 
ments agree  as  to  the  effect  of  a  very  sensitive  musical  hearing 
and  the  liveliness  of  the  feelings  connected  with  tones,  as  I 
shall  show  later. 

The  first  subject  in  the  following  experiments  was  Miss  G. 
G.  Gulick  who  is  extremely  musical  and  comes  of  a  very 
musical  family  on  her  mother's  .side.  Her  mother  was  a  pianist 
with  considerable  power  of  improvisation  and  possessed  a  re- 

'  Von  Krlea:  ef.  cit.,  p.  962. 
'Meyer:  Ptycbol.  Rev.,  VI,  p.  514. 

*  Stutnpf:  op.  at.,  p.  311  fif. 

*  Sttinipf :  ofi.  cii.,  p.  187  ti. 
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markably  sweet  contralto  voice.  Her  maternal  Rrandmother 
and  great  aunt  were  extremely  musical.  Her  older  brother 
was  a  piano  virtuoso  and  a  composer,  and  her  sister,  though 
not  a  musician,  was  fond  of  music  for  "the  thrill  it  gave  her." 
She  thought  her  mother  had  absolute  pitch,  and  was  quite 
confident  that  her  brother  must  have  possessed  it.  but  as  both 
of  them  had  recently  died,  there  was  no  possibility  of  verifying 
the  supposition.  Her  musical  education  began  at  about  the 
age  of  four  with  her  mother  and  was  continued  under  gov- 
ernesses until  she  was  thirteeu.  From  that  time  on,  she  had 
lessons  from  professors  of  music  good,  bad,  and  indifferent. 
Three  months  comprised  her  work  in  the  theory  of  music,  and 
a  four  years  course  in  solfeggio  covered  in  a  few  months,  her 
vocal  training.  She  composed  little  songs  for  children  and 
sometimes  improvised.  She  had  bad  no  training  in  memorizing 
tones,  but  always,  e\'en  as  a  child,  had  been  able  to  recognize 
the  notes  of  any  instrument  such  as  a  bugle,  saying  that  it 
played  mi  or  /a.  To  test  this.  I  once  asked  her  the  note  of  the 
dinner  gong.  She  in«*tantly  pitched  the  tone  with  her  voice, 
saying,  "it  is  sol."  Tunes  beard  ou  the  street  were  easily 
memorized  by  her  as  a  child,  and  reproduced  on  the  piano. 
Though  very  faulty  in  technique,  the  result  of  her  unsystematic 
training,  she  had  the  power  of  interpretation  of  music,  and 
could  give  each  tone  a  certain  value  in  itself. 

She  had  never  heard  of  absolute  tone  memory,  and  when 
questioned  as  to  whether  she  could  name  any  note  heard  on  the 
piano,  was  very  uncertain  and  later  was  quite  astonished  to 
find  that  she  could  do  it.  almost  without  error.  She  had  no 
muscular  or  visual  sensations  in  judging  the  tone,  it  seemed 
entirely  due  to  the  sound  itself.  With  the  single  tones  she  had 
no  musical  imagery  as  she  had  with  phrases  and  strains. 
High,  lively  notes  were  bright  yellow;  low  tones  were  purple 
or  dark  red  ;  middle  tones  were  green  ;  when  low  tones  were 
purple  and  high  notes  were  added,  they  merged  into  light  red 
and  yellow.  Some  music  seemed  to  her  opaque,  other  music 
wus  like  the  rainbow.  Likewise  she  professed  that  single  nates 
had  no  emotional  tone  or  feeling,  though  music  often  made  her 
cry,  even  the  gay  sort.  She  could  hear  overtones  so  plainly, 
she  said,  that  she  had  dilHcntty  in  picking  out  the  fiindamental 
tone. 

This  observer  was  entirely  without  practice  iu  introspection. 
At  first  she  said  she  calculated  each  tone  from  the  preceding 
one,  though  she  "pitched  in  on  the  first,  right  or  wrong."  A 
little  later  during  the  same  test  she  said  that  her  judgment  was 
"instinctive,"  without  any  idea  of  the  relations  of  the  tones, 
and  that  all  was  due  to  the  sound  itself.  Several  times  she 
asked  for  a  note  to  be  repeated  in  order  to  fix  it  firmly  in  her 
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Bind  and  would  sometimes  name  the  note  correctly  on  the 
MCODd  or  even  third  trial.  Her  replies  were  usually  givea 
very  quickly  and  with  coafideaoe.  She  was  of  a  very  decidedly 
objective  type  of  observer,  concentrated  ber  miod  well  but  was 
easily  thrown  out  by  any  noise  or  confusion. 

The  table  is  easily  understood,  the  numbers  under  .?  giving 
the  scricH  of  tests  ;  those  under  O  giving  the  number  of  octaves 
from  which  the  uotes  were  selected  ;  those  under  7  the  num- 
ber of  tones  used  in  each  seritis ;  under  K  is  giveu  the  uumber 
of  tones  recognized  correctly;  under  I-Tlhe  numtjer  of  errors 
and  under  P  the  per  cent,  of  right  cases.  The  letters  G,  C, 
D,  and  E  refer  to  the  observers.  The  tones  were  selected  at 
random  within  a  given  number  of  octaves,  and  there  seemed  to 
be  little  or  no  diflference  in  the  tone  region,  so  that  I  have  not 
made  a  particular  rubric  for  that.  The  piano  generally  used 
was  uot  especially  good,  though  the  best  available  at  the  time. 
The  experiments  were  carried  on  in  a  quiet  room  without 
interruptions. 
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Series  I.  Four  errors,  all  minor  seconds,  were  made,  each 
one  being  a  sharp,  or  black  key.  This  pecnliarity  was  most 
striking  ant!  in  her  subsequent  tests  it  was  also  found  that 
nearly  all  her  errors  were  on  black  keys.  When  told  of  this 
she  was  much  surprised  and  was  at  a  loss  to  account  for  it. 
Finally  she  explained  it  as  a  result  of  her  having  always,  until 


recently,  called  notes  by  syllables  of  the  tonic  Sol-fa  system 
and  had  not  called  the  black  keys  by  any  name  different  from 
the  white  keys,  as  A  sharp,  E  flat,  etc.  Twice  she  was  dissat- 
isfied with  her  jndgment.  and  on  having  the  tone  again  given 
made  a  correct  judgment.  In  these  cases  the  error  amounted 
to  a  major  third  and  a  minor  fifth.  Two  chords  given  were 
also  judged  incorrectly  the  first  time,  but  repeated  at  her  re- 
quest were  judged  correctly. 

Series  II.  Only  seven  black  keys  were  given  and  five  of 
the  seven  errors  were  made  on  those  tones,  while  the  other  two 
errors  followed  these  and  were  perhaps  influenced  by  the  pre- 
ceding  errors  as  a  suspicion  of  a  mistake  was  likely  to  disturb 
the  observer. 

Series  III.  No  black  keys  were  given  in  these  tests  which 
were  made  on  a  strange,  but  very  good  new  piano.  This  series 
brings  out  clearly  the  fact  which  the  other  scries  indicated, 
lamely,  that  the  toual  region  made   no  diflerence  with  this 

server.  Where  black  keys  were  unevenly  distribnted  in 
octaves,  it  was  not  possible  to  reach  this  conclusion  satisfac- 
torily. 

Series  IV.  All  but  three  errors  are  half  tone  errors  on  black 
keys.  There  were  .tixteen  black  keys  struck  and  only  five  are 
judged  incorrectly,  which  is  a  considerable  improvement  over 
Scrie.s  II,  where  five  out  of  seven  are  incorrectly  judged.  That 
this  is  due  more  to  carefulness  in  naming  tones  than  to  practice 
in  discrimination,  is  my  opinion.  The  other  errors  are  n  major 
second,  a  minor  second,  and  a  major  fourth.  The  laiit  error 
was  due  to  distraction,  the  subject  reported- 
Series  V,  without  any  black  keys  oa  the  piano  generally 
used.  The  errors  were  both  halftones  and  both  cases  she  re- 
ported a  wandering  of  attention. 

Series  VI  was  a  test  on  a  clarionet.  In  reality  twenty-five 
tests  were  uudertakea,  bat  at  the  close  of  the  first  ten.  there 
was  such  a  disturbance  in  the  next  room  that  only  fourteen  of 
the  remaining  fifteen  were  correctly  judged,  although  in  no 
case  was  the  error  more  than  a  whole  tone. 

Series  VII  was  a  test  on  a  violin.  Both  errors  consisted  in 
callingy!  q.  No  sharps  were  introduced.  The  violin  was  a 
strange  one,  bat  the  observer  was  familiar  with  violin  music. 

Series  VIII  was  a  test  with  the  voice.  The  three  errors 
were  made  on  sharps,  two  being  minor  seconds  and  one  a  major 
second. 

Series  IX  is  a  test  which  can  hardly  be  tabnlated  with  the 
others.  Instead  of  single  tones,  chords  of  from  two  to  four 
notes  were  given.  All  of  the  two  tone  chords  were  correctly 
recognized,  but  only  one  three  note  chord.  The  npiK-r  note  of 
each  chord  was  recognized  twenty  times  out  of  twenty-five,  but 
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was  omitted  in  foar  tone  chords.  The  lower  tone  was  right 
foDrteen  times  in  three  tone  chords  and  omitted  twice  in  chords 
of  fonr  tones.  The  middle  notes  were  recognized  only  seven 
times  and  were  omitted  three  times.  Estimating  the  upper 
notes,  her  per  cent,  of  enor  was  3o%.  larger  than  in  any  other 
piano  test,  white  the  per  cent,  for  all  notes  in  the  chord  is  55%. 
Here,  as  elsewhere,  the  black  notes  were  the  ones  most  often 
miscalled.  I  was  not  able  to  make  all  the  notes  stand  ont  dis- 
tinctly in  the  chords  as  in  single  tones,  which  may  have  influ- 
enced the  results. 

Considering  Miss  G.'s  number  of  errors  on  the  half  tones,  it 
would  have  been  very  interesting  to  test  her  ability  to  detect 
fine  tonal  differences.  Unfortunately  the  time  of  her  experi- 
mentation was  cut  short  by  her  departure,  but  the  following 
crude  tests  were  made.  The  gamut  was  played  chromatically 
on  the  violin  with  quarter  instead  of  half  tones.  She  thought 
it  was  the  regular  chromatic  scale.  Again  approximately  une- 
eigfath  tonal  difierences  were  given  on  an  E  violin  string,  the 
obseni'er  being  informed  of  the  object  of  the  test,  and  she  was 
required  to  judge  which  was  the  higher  of  two  tones.  Her 
judgment  was  correct  in  about  half  the  trials.  This  shows 
that  her  pitch  diM:riiui nation  was  not  fine. 

The  second  subject  was  a  young  woman,  Miss  C.  Dismukes. 
At  the  time  I  met  her  she  was  recovering  from  a  long  nervous 
illness,  so  that  extended  tests  were  impracticable.  Her  musical 
education  began  so  early  that  she  could  not  remember  when  or 
how  she  learned  to  read  notes,  but  at  six  she  was  playing  in 
concerts  a  little.  None  of  her  immediate  family  are  musicians. 
but  her  maternal  grandparents  were  very  musical  and  of  an 
artistic  (empcramcnt.  At  ten  years  of  age  she  began  the  serious 
study  of  music,  and  studied  one  year  in  Chicago  at  the  age  of 
nineteen,  where  she  had  a  little  harmony;  she  discovered  in 
that  work  that  she  could  write  down  simple  melodies,  tone  for 
tone,  as  she  heard  them.  This  was  followed  by  three  years  in 
Vienna  with  Lescbetizky,  who  tested  her  very  superficially  as 
to  her  memory  for  tones,  bnt  she  had  never  practiced  memoriz- 
ing tones  at  nil. 

She  thought  this  tone  memory  was  a  help  to  her  in  memor- 
izing music  so  readily,  and  she  always  played  in  concerts 
without  notes.  She  improvised  and  composed  simple  melodies 
to  words.  Besides  concert  playing  she  gave  lessons  in  music. 
She  sang  a  great  deal  for  her  own  amusement,  and  found  that 
she  could  recognize  tones  from  the  human  voice  more  easily 
than  from  any  instrument.  Of  the  tones  of  instruments,  the 
j»auo,  her  instrument,  were  the  most  readily  recognized.  She 
also  reported  that  she  conld  hear  overtones  ver>-  plainly. 
Series  X  was  made  on  a  fairly  good  piano,  often  used  by  the 
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observer.  Nearly  half  her  errors  was  in  the  lower  tones,  and 
a  tarf^er  proportion  of  the  remaiaJDg  was  in  the  upper  tones. 
Black  keys  were  recognized  as  easily  as  the  white  keys.  Al- 
thongh  she  gai'e  all  of  her  answers  rather  slowly,  often  bum- 
ming the  tone,  to  fix  it  in  her  mind,  she  said,  she  believed  that 
her  recognition  of  the  tones  was  immediate,  i.  a,  not  calculated 
from  any  other  tone.  A  correct  judgraent  came  more  quickly 
ttUD  a  doubtful  one.  An  octave  And  a  lunjor  chord  were  easily 
recognized.  This  observer  found  it  difficult  to  concentrate  her 
attention,  and  if  she  su.spicioned  that  she  had  made  an  error, 
she  was  disturbed  and  was  Hkely  to  make  other  errors.  Half 
the  errors  were  minor  seconds  and  two  minor  fourths  were  the 
largest  errors. 

The  third  subject,  Solomon  Cohen,  was  a  boy  of  fourteen 
who  had  absolute  pitch.  He  was  a  student  of  the  violin  and 
had  studied  since  he  was  eight  years  old.  He  sang  a  great 
deal  even  at  four.  The  whole  family  was  musical,  and  he  had 
heard  music  of  every  sort  ever  since  he  was  born.  He  thought 
that  y  was  the  easiest  note  to  recognize  and  the  scale  of /was 
the  one  which  he  liked  best  and  in  which  he  played  the  most. 
His  musical  brother's  favorite  scale  was  C  They  had  never 
bad  any  training  along  the  line  of  memorizing  tones,  but  had 
been  taught  to  detect  inaccuracies  in  the  pitch  of  any  instru- 
ment, which  they  did  easily.  S  had  a  very  keen  ear  for  over- 
tones, I  discovered  in  testing  him,  and  he  could  name  those  he 
heard  most  readily.  His  introspection  in  regard  to  naming 
tones  was  that  he  "just  knew  them  and  had  no  other  note  in 
mind." 

Series  XI.  In  the  short  series  on  his  own  piano,  S.  made  no 
CTTOTS.  although  black  keys  and  one  chord  were  introduced. 
The  octaves  were  the  large  and  small  octaves.  His  judgments, 
although  given  rather  slowly,  were  not  marked  by  hesitation. 

Series  XII.  This  series  was  given  on  a  piano  strange  to  S 
and  rather  out  of  tune.  He  remarked  that  the  tones  didn't 
sonnd  natural.  This  eiperiment  has  value  chiefly  as  showing 
the  extreme  effect  of  duitraction.  Another  very  musical  boy 
of  the  same  age  was  trying  to  uame  the  tones.  If  S  named  the 
tone  first  he  was  almost  sure  to  be  right,  while  if  the  other  gave 
his  judgment  first,  S  either  agreed  with  him  or  was  likely  to 
make  an  error.  The  other  boy  did  not  make  half  a  dozen  in- 
dependent judgments  which  were  right.  S  said  that  black 
keys  had  a  different  sound  from  white  keys,  and  though  he 
made  some  errors  oo  the  black  keys,  he  never  {misjudged  a 
black  key  for  a  white  key  or  vice  versa.  He  could  not  explain 
the  difference;  he  said,  "You  just  know  it." 

The  fourth  subject  was  David  KlHot,  aged  eight  years,  and 
was  reported  by  bis  instructor  in  music  who  thoroughly  under- 
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Stands  the  subject  of  absolute  pitch  fTotn  the  musician's  stand- 
point.  The  boy  began  to  study  music  at  the  age  of  six.  and 
while  his  &mily  are  not  musical,  there  is  a  strong  artistic 
strain  in  his  mother's  family.  He  mctnoriws  music  readily, 
and  is  very  clever  at  writing  mosic.  The  piano  is  his  instra- 
ment,  but  he  recognizes  tones  of  other  instruments  and  the 
human  voice,  and  he  can  tell  readily  when  a  tone  is  not  true. 
So  far  as  the  teacher  can  ascertain,  he  has  no  visual  or  motor 
imager>-  when  listening  to  tones,  nor  does  he  judge  from  the 
preceding  note.  When  asked  how  he  knew  he  was  right,  he 
answered,  "I  don't  know  that  I'm  right — I  ihink  I'm  right.'* 
This  case  is  particularly  instructive  because  of  the  early  age  of 
the  subject,  and  because  his  first  teacher  discovered  this  ability 
and  can  say  that  he  has  had  no  special  training  along  that  line. 
In  the  test  given,  series  XIII.  two  errors  are  major  seconds, 
one  a  minor  third  and  one  a  minor  fourth. 

Some  two  or  thiee  years  previous  to  my  work  with  these  ob- 
servers, I  made  some  tests  with  Miss  Meyer,  whom  I  by  chance 
discovered  had  absolute  pitch,  hut  owing  to  a  press  of  work 
and  an  abrupt  departure,  I  did  very  little  systematic  work  and 
kept  no  records,  therefore  I  beg  to  refer  any  interested  reader 
to  Whipple's*  article,  whose  attention  I  called  to  this  case. 
Her  per  cent,  of  error,  according  to  Whipple,  varies  from  64% 
to  92^ .  which  is  not  so  accurate  as  some  of  my  subjects,  and 
there  is  one  fact  which  I  do  not  find  mentioned,  namely,  her 
very  keen  hearing  for  overtones,  which  was  to  me  very  re- 
markable. 

In  marked  contrast  with  the  method  of  these  persons  was 
that  of  a  Miss  J.,  who  tried  a  series  of  twenty  tests.  Only  one 
tone  was  judged  wrongly  and  that  the  first  one,  the  error  lieing 
a  minor  third;  nine  were  right  on  the  first  trial,  six  on  the 
second,  two  on  the  third  and  one  on  the  fourth  and  fifth  each. 
Before  making  her  judgment  she  would  hum  the  notv  heard 
and  then  run  over  several  notes  with  her  voice  until  she  was 
reasonably  sure.  If  she  failed  to  get  it  satisfactorily,  she  would 
ask  for  the  note  to  be  repeated  and  would  then  go  through  the 
same  process  until  satined.  Her  introspection  was  that  her 
judgment  was  influenced  by  the  preceding  tones.  Though 
musical,  Mi!<s  J.  did  not  call  herself  a  musician,  and  thought 
she  had  learned  this  way  of  recognizing  tone.**  from  her  class 
lessons  in  singing  at  school.  Another  observer  in  a  memory 
experiment  showed  a  particularly  good  memory  for  tones. 
Although  a  violinist  of  co::stderable  »ktll,  he  attributed  it 
largely  to  the  practice  in  his  class  singing  lessons  of  finding  one 
tone  from  another,  t,  g..  taking  do  from  the  pitch  pipe,  finding 


■  Wbipple :  op.  tit. 


aoa 


BOGGS: 


fa,  so  that  on  hearing  a  tone  he  tried  to  locate  and  name  it, 
and  in  this  wsy  it  became  fixed  in  his  memory,  Another  caM 
of  good  relative  pitch  was  that  of  a  musical  young  woman  who 
placed  the  first  note  a  major  second  too  high.  The  succeeding 
half-dozen  notes  were  located  correctly  relative  to  the  6rst. 
The  next  test,  she  placed  the  tone  one-half  note  too  high  and 
located  the  other  according  to  that  quite  correctly.  She  "only 
guessed  at  them"  was  her  introspection,  which  is  never  the 
introspectiou  iu  the  case  of  absolute  pilch. 

In  attempting  a  summary  of  the  different  coses  reported, 
there  are  found  to  be  some  characteristics  common  to  all,  and 
again,  certain  peculiarities  of  each.  Naturally  we  are  inclined 
to  consider  the  common  characteristics  as  having  the  greatest 
bearing  on  the  problem  of  the  nature  of  the  act  of  recognizing 
tones  from  memory.     Our  OQcUisions  are  as  follows: 

1.  All  of  the  observers  have  had  a  musical  inbeiitauce  and 
ail  early  musical  environment  and  training,  but  in  no  case  has 
there  been  specific  training  iu  memorizing  tones. 

2.  An  immediateness  of  recognition  and  a  sureness  of  judg- 
ment is  to  be  observed  in  all  when  the  judgment  is  correct. 

3.  All  observers  have  had  a  particularly  good  hearing  for 
overtones,  su  far  as  reported.  Their  pitch  discrimination  has 
not  been  reported  to  be  extraordinarily  fine. 

4.  Concentration  of  attention  was  necessary  to  all,  and 
noMes  or  intcrruptious  were  disconcerting  and  influenced  the 
accuracy  of  the  observer.  Each  note  had  to  be  very  distinctly 
heard. 

The  first  two  characteristics  seem  to  indicate  some  .special 
endowment  of  the  individual  who  ha.i  absolute  tone  memory, 
and  the  last  two  poiut  to  its  being  some  special  fineness  in  the 
sense  of  bearing,  probnbly  that  for  distinguishing  overtones  so 
distinctly. 

The  remaining  conclnsions  apply  only  to  certain  observers, 
and  are  the  following : 

6.  The  rej^on  of  the  tone  affects  the  accuracy  of  some  and 
not  of  others. 

7.  Although  there  was  a  rather  strong  emotional  accom- 
paniment for  music,  there  was  not  for  single  notes  except  in 
one  case. 

5.  In  one  case  only  did  the  semitones  or  black  keys  prove 
more  difficult  of  recognition.  Then  it  was  perhaps  to  be  at- 
tributed to  a  confusion  of  names  rather  than  confusion  of 
sound.  In  all  other  cases  the  semitones  seemed  to  be  as  dis- 
tinctly associated  with  a  name  as  the  whole  tones. 

g.  In  one  case  there  was  visual-motor  imagery;  one  liked 
to  fix  a  tone  by  humming  it;  the  others  did  not  report  any 
help  of  this  kind. 
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lo.  Under  the  most  favorable  condition  two  observers  made 
no  errors,  while  the  per  cent,  of  right  cases  with  the  others 
varied  from  92%  to  68%.  The  method  of  recognizing  was, 
however,  substantially  the  same. 

These  last  ixTnliar  characteristics  are  interesting  and  agree 
in  part  with  those  discovered  by  the  authors  already  quoted,  as 
do  also  the  first  four  reported  as  common  to  all.  Other  investi- 
gators might,  of  course,  find  other  than  these  four  factors 
common  to  all  their  observers  and  find  these  as  only  peculiar 
to  some. 

or  course,  aside  from  the  purely  scientific  aspect  of  the 
matter,  there  is  also  a  pedagogical  interest.  Kven  though 
these  individaaU  have  some  particular  ability,  could  other  peo- 
ple imitate  tbeir  method^  For  example  :  supposing  that  fine* 
ness  of  hearing  fur  overtones  is  the  sine  qua  ntm  of  absolute 
pitch,  would  a  cultivation  of  the  hearing  of  overtones  aid  in 
acquiring  a  fair  degree  of  absolnte  pitch?  The  invariable 
associating  of  certain  tones  and  certain  names  is  of  the  greatest 
importance,  as  anything  which  has  a  name  of  its  own  hu  a 
more  certain  place  in  consciousness. 

This  would  mean  tliat  in  singing  lessons  the  tones  should 
always  be  named  and  should  always  be  accurately  pitched.  It 
is  the  earnest  hope  of  the  writer  that  psychologists  or  other 
persons  interested  in  this  subject  will  investigate  and  report 
any  cases  of  absolute  memory  for  tones,  as  it  is  throngh  study- 
ing mental  peculiarities  that  we  sometimes  arrive  at  valuable 
results  in  the  study  of  the  taws  of  consciousness. 

Studies  in  Absolutk  Pitch.    Pajlt  II. 

Since  sending  in  the  MS.  of  the  above  it  has  been  my  good  for- 
tune  to  interview  nine  persons  and  to  have  bad  letters  from 
four  people  who  seem  to  have  absolute  pitch  according  10  the 
definition  of  it  given  above.  They  hnve  included  ime  of  the 
greatest,  if  not  the  greatest,  violinist  of  to-day,  and  young 
students  of  music  who  are  very  deficient  in  their  musical  edu- 
cation. The  degree  of  ability  to  recognize  tones  has  varied 
correspondingly  from  persons  who  never  make  a  mistake  to 
those  who  cannot  recognize  black  keys  with  any  certainty  at  all. 

Their  introspections  may  be  summarized  as  follows,  and 
where  the  entire  thirteen  have  not  agreed  it  is  because  of  lack 
of  information  unless  othertvise  specified  : 

1.  All  report  that  they  have  never  had  any  training  in 
recognizing  tones,  and  consider  it  a  natural  or  "inherited" 
ability. 

2.  All  report  a  musical  inheritance  and  a  more  or  less  musi- 
cal environment,  as  well  as  an  early  musical  education. 

3.  Eleven  report  heaiing  overtones  very  plainly,  and  I  hav« 
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personally  tested  the  le^  experienced  musicians.     Two  have 
not  reported  on  this  by  letter. 

4.  An  immediateDess  of  recognition  without  comparison 
with  other  tones  or  without  motor-visual  imagery  of  auy  sort 
is  reportwl  by  eleven.  Each  note  ha.s  a  sound  qnitc  distinctive 
and  irrespective  of  its  place  in  the  scale. 

5.  Seven  report  that  they  must  be  able  to  concentrate  their 
mind,  1.  e.,  must  not  be  over  fatigued  or  disturbed  to  attain  the 
best  results.  This  I  have  found  to  b«  true  in  all  whom  I  have 
tested. 

6.  The  two  most  unpracticed  ohecrvers  could  not  recognize 
the  black  keys,  and  were  quite  confused  when  they  were 
sounded.  However,  one  of  these  judged  very  accurately  on 
the  white  keys. 

7.  Seven  report  that  they  can  pitch  any  note  with  their 
voice.  One  lady  cannot  judge  the  notes  of  a  voice  unaccom- 
panied by  an  instrument, 

S.  Five  report  that  changing  from  a  piano  tuned  a  little 
lower  or  higher  makes  practically  no  dlfiFerence  in  their  judg- 
ments. 

9.  Nine  report  never  making  an  error  in  judging  a  tone. 
These  are  all  teachers  and  concert  players.  The  others  have 
varying  ability. 

The  clue  to  the  difference  in  the  methcd  of  those  having 
relative  pitch  and  those  absolute  pitch  seeuis  to  me  to  be  found 
in  the  two  facts  of  hearing  overtones  so  plainly  and  of  hearing 
each  note  quite  distinctly  from  its  relation  to  other  tones.  At 
first  r  was  inclined  to  attribute  the  difference  in  sound  to  the 
keen  bearing  of  overtones,  since  we  recognize  different  instni- 
inents  from  the  variation  in  their  strong  partials,  and  from  the 
fiict  that  a  chord  is  more  easily  recognized  than  a  single  tone. 
While  this  may  be  a  valuable  aid.  further  study  inclines  me  to 
the  belief  that  there  may  be  a  tone  system  of  qualities  com- 
parable to  the  spectrum  in  vi.sion,  and  is  probably  due  to  dif- 
ference in  vibration  rates.  The  scale  of  tones  n'ould  correspond 
to  variation  in  brightness,  which  is,  of  course,  to  be  observed 
In  the  spectrum  as  well  as  the  colors,  and  probably  the  average 
person  hears  the  tone  system  as  a  tone  scale  in  much  the  same 
way  that  a  colorblind  person  sees  the  spectrum  as  a  graduated 
succession  of  brightnesses.  I  asked  a  New  Eugland  CoD.sen'a- 
tory  graduate  whu  has  absolute  pitch  whether  she  had  the 
tones  in  her  mind  as  she  did  colors.  Her  answer  was  that  she 
had  a  tone  system  as  she  did  a  color  system.  The  famous  vio- 
linist thought  that  people  who  did  not  have  absolute  pitch  must 
be  tone  deaf  to  a  certain  extent.  Neither  carry  one  tone  mem- 
orized to  which  they  refer  all  others. 

I  have  never  yet  found  any  one  who  thought  that  hearing 
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overtones  was  a  help  in  recognizing  a  tone,  on  the  contrary 
they  say  it  is  in  the  tone  itself,  bnt  it  seems  that  if  it  lies  in  the 
tone  itself,  the  proper  way  to  teach  young  beginners  would  be 
to  have  them  attend  to  the  tone  and  its  overtones  so  that  they 
may  know  it  for  itself,  instead  of  in  its  relatiou  to  other  tones. 
Altfaongh  very  nnskiltful  at  recognizing  tones  myself.  I  have 
made  greater  progress  since  I  bave  been  hearing  out  overtones 
and  trying  to  distinguish  differences  in  th«  tones  aside  from 
their  relation  to  other  tones. 

The  following  extract  from  Percy  Goetschius  Mus.  Doc.  puts 
the  problem  aud  its  probable  solution  very  neatly. 

"Some  music-lovers  can  distinguish  these  var>'ing  rates  uf 
velocity  so  accurately  that  they  know  which  tone  is  sounding, 
without  reference  to  the  keyboard  or  comparison  with  other, 
previously  defined  tones.  Not  all  persons,  however.— in  fact, 
not  many, — possess  this  ability  of  defining  the  absolute  pitch  of 
tones;  and  it  might  therefore  be  conclude*!  that  any  individ- 
uality of  key  that  is  based  upon  this  distinction  would  be 
recognizable  only  by  the  ver>"  small  minority  of  music-lovers 
who  are  thus  able  to  define  the  pitch  of  a  tone.  But  that 
proves  nothing ;  the  distinction  does  surely  exist,  whether 
few  or  many  aie  immediately  coDsdous  of  it  and  able  to  defiae 
il.*' 
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The  effect  of  changes  in  the  different  rate  variables  in  mem- 
orizing  has  hcen  the  subject  for  occasional  investigation  in  the 
Psychological  Laboratory  of  Indiana  University  since  1894-5, 
beginning  at  that  time  with  the  preparation  of  a  Master's  thesis 
by  Supt.  Sanders  on  the  effect  of  different  rates  of  reading  lists 
of  associablc  and  dyssociablc  words  and  letters  upon  iheir  re- 
tention and  reproduction  by  auditors.  The  following  year, 
with  a  view  to  extending  the  investigation  to  impressions  re- 
ceived through  the  eye.  and  witli  a  view  abo  to  securing  ap- 
paratus of  general  utility  for  memory  experiments,  the  writer 
designed  the  compound  interrupter  aud  exposure  dium,  figured 
and  described  further  on.  With  this  apparatus  several  studies 
were  begun  at  different  times,  but  none  completed  till  Supt. 
Hernngton  made  use  of  it  in  the  preparation  of  a  Master's 
thesis,  in  IQ03-4,  dealing  with  the  eilect  of  varying,  in  the 
learning  of  nonsense  syllables,  the  duration  of  exposure  of 
each  syllable,  the  intervals  between  syllables,  aud  the  inter- 
mission between  readings  of  series  of  syllables. 

The  points  of  special  interest  in  the  investigation  have  been 
partly  technical  and  psychological  and  partly  educational. 
The  study  of  the  rate  variables  ia  memorizing  is,  of  course,  a 
direct  study  of  certain  elements  in  the  technique  of  experi- 
mcnution  in  this  field.  To  avoid  the  possible  disturbing  in- 
fluence of  these  cleraents,  experimenters  have  nsnally  endeav- 
ored to  keep  them  constant  throughout  an  investigation  ;  the 
stttdy  of  their  effects  should  reveal  the  significance  of  varia- 
tions in  them  and  also  under  what  couditions  the  best  experi- 
mental results  may  be  expected.  The  apparatus  required  must 
not  simply  be  serviceable  for  ordinary  experimentation,  bnt 
must,  in  addition,  be  adjustable  with  regard  to  the  variables  to 
be  studied,  so  that  what  will  serve  for  this  purpose  will  serve 
for  most,  if  not  all,  others  in  which  comparable  materials  and 
methods  are  employed. 
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With  regard  to  the  psychotoRical  aspects  of  the  problem,  it 
may  be  said  to  be  a  study,  on  the  ooe  hand,  of  the  degree  of 
possible  adjustmeutor  adaptation  to  the  different  rate  variables; 
and,  on  the  other  hand,  to  be  a  study  of  the  various  mental 
effects  of  changes  In  these  variables.  The  wide  range  of  pos- 
sible adjustment  of  the  mental  processes  involved,  and  the 
individual  difierences,  are  as  remarkable  in  this  as  in  most 
other  lines.  But  adaptation  is  not  complete  aad  aaiform  for 
all  rates;  and  the  character,  permanence,  and  economy  of  the 
work  done  under  the  different  conditions  is  a  matter  of  prac- 
tical importance.  Perhaps  of  chief  interest,  however,  arc  the 
inferences  suggested  by  the  results  as  to  certain  fundamental 
modes  of  mental  activity,  partly  apperceptive  and  partly  re- 
tentive and  reproductive,  especially  as  to  the  probable  subcon- 
scious adjustments  that  occur  with  the  passage  of  time. 

The  solution  of  these  psychological  questions  will  aid  in  the 
analytic  study  of  the  pedagogical  aspects  of  Che  problem. 
While  the  instinctive  adaptation  of  both  pupils  and  teachers, 
together  with  existing  pedagogical  precepts  and  traditions,  has 
already  contributed  much  to  the  elucidation  of  the  subject,  yet 
Iflboraton,'  studies  and  practical  tests  io  schools  will  be  of  ser- 
vice in  the  analysis  of  the  causal  factors,  which  common  expe- 
rience usually  cannot  with  sufficient  certainty  accomplish. 
Moreover,  personal  differences,  the  pressure  of  work,  and  the 
common  pedagogical  illusion  that  what  is  easy  for  the  teacher 
will  be  so  for  the  pupils  are  liable  to  mislead  the  judgment  as 
to  the  most  advantageous  rate  of  work.  One  cannot  visit 
schools  withont  receiving  the  impression  that  the  rate  of  work 
of  pupils  varies  cousiderably  in  different  classrooms,  and  that 
the  best  rate  is  exceeded  iu  some  aud  not  attained  in  others. 
Particularly  is  there  danger  that  the  rate  will  not  be  sufficiently 
adjusted  for  the  different  degrees  of  difficulty  of  the  subject 
matter.  The  rate  of  work  in  many  European  schools,  especially 
those  under  government  control,  seems  often  very  severe  and 
rapid,  due,  perhaps,  tn  p«rt  to  extensive  programmes  of  study, 
and  in  part  to  the  adoption  of  a  rigorous  class  management, 
almost  railitarj-  in  character.  Whether  average  differences  in 
the  rate  of  work  in  different  a)nntries  is  sufficiently  great  and 
demonstrably  due  to  permanent,  temperamental  causes  so  as  to 
make  it  significant  to  speak  of  uatiDtia.1  types  or  differences 
canuot  be  regarded  as  deSnitety  established,  though  statements 
with  such  implications  are  often  made.  At  any  rate,  personal 
differences  of  this  kind  within  a  given  country  are  probably 
much  the  greater. 

la  the  analysis  and  formulation  of  the  problem  several  dis- 
tinctions must  be  noted.  AfeuUiI  states  are  of  many  different 
kinds  and  succeed  each  other  at  rates  varying  much  according 
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to  circumstances.  The  train  of  ideas  which  makes  up  the  stuff 
to  be  remembered  may  take  its  course  with  or  without  imrae- 
diale  external  suggestion  and  guidance.  In  the  experiments 
here  reported  the  succession  of  mental  states  was  suggested  by 
aeries  of  letters,  nonsetise  syllables,  associablc,  and  dyssociable 
words,  presented  at  certain  definite  rales.  The  rates  of  these 
external  series,  especially  those  for  the  eye,  may  be  made  quite 
accnriite;  bnt  the  corresponding  mental  series  can  only  be 
made  approximately  as  definite.  The  matter  may  be  repre- 
sented as  follows: 
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Part  AB  of  the  imaginary  time  line  AX  is  designed  to  repre- 
sent the  external  duration  of  the  impression:  in  the  case  of 
vi-sion,  for  example,  its  visibility.  Part  BC  represents  the 
vacant  interval  between  the  disappearance  of  one  impressiou 
aud  the  presentation,  of  its  successor.  The  series  of  impressions 
may  have  been  a  series  of  any  one  of  the  different  kinds  of  ob- 
jects represented  in  the  columns  below  the  time  line.  The 
curve  in  the  sjpace  above  the  time  tine  is  meant  to  suggest  the 
rise  and  fading  away  of  the  idea  in  consciousness.  In  the  case 
of  associablc  ideas  we  may  imagine  a  back  reference  from  one 
idea  to  its  predecessor  that  will  connect  and  intensify  them 
both. 

A  question  of  special  interest  but  also  of  special  difficulty  is 
that  regarding  ihc  nainrcof  the  connection  established  between 
successive  members  of  the  series,  the  answer  to  which  can  only 
be  attempted  by  certain  neurological  speculations.  Even  the 
general  form  of  the  connection  has  only  partly  been  made  out; 
and  it  is  to  the  solution  of  the  latter  problem  that  the  numerous 
experimental  investigations,  beginning  with  that  of  Kbbing- 
bans,  have  in  the  last  twenty-five  years  aimed  to  conlribnte. 
Ebbinghaus  found  that  the  associative  bond  extended  not  only 
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from  one  syllable  to  the  next  succeeding  in  the  series  learned. 
bat  measurably  also  as  far  as  the  ninth  down  in  the  list  and 
also  to  some  distance  backwards.  He  ascertained  that  the 
strength  of  the  connection  decreased  inversely  as  the  logarithm 
of  the  time,  as  measured  by  the  number  of  readings  saved  in 
releaming  nonsense  syllable  series  in  the  course  of  a  month. 
A  similar  logarithmic  law  was  found  by  Wolfe  to  hold  for  the 
decrease  in  the  distincine^sof  the  memory  of  a  tone  within  the 
short  period  of  a  minute,  as  measured  every  few  seconds  by 
the  ability  to  discriminate  it  from  another  nearly  like  It,  though 
it  must  be  noted  as  an  exception  that  the  tones  were  most 
easily  discriminatecl  from  one  another  when  the  interval  be- 
tween them  was  about  two  seconds,  which  corresponds  with 
the  interval  Dwelschativers  fonnd  most  favorable  for  the  adjust- 
ment of  the  attention  in  reaction  time.  Miiller  and  Schumann 
have  demonstrated  that  the  associative  bond  between  two  s>'l- 
lables  of  a  foot  in  rhythmic  reading  is  stronger  than  the  bond 
between  adjacent  sylhibles  of  dificrcnt  feet.  Interference  effects 
have  been  shown  to  develop  in  the  formation  of  new  modes  of 
reaction  for  the  same  sensory  material.  Miiller  and  Pilzecker 
have  demonstrated  with  the  aid  of  a  new  method  that,  other 
things  being  equal,  old  assodatious  function  more  slowly  than 
the  more  recent.  The  strength  of  an  a.s.sociaticn  varies,  besides, 
with  several  otber  factors  such  as  the  condition  of  vigor  or 
fatigue  and  the  rate  and  mode  of  learning,  which,  as  far  as 
they  concern  the  experiments  here  reported,  will  be  considered 
in  connection  with  their  presentation. 

The  different  characteristics  of  the  associative  bond  are  00 
doubt  present  in  the  ordinary'  operations  of  memory,  though 
most  of  them  are  only  to  be  deBnitely  ascertained  by  means  of 
experiments.  What  is  on  the  surface  and  may  be  seen  within 
any  short  period  of  observation  are  such  facU  as  are  described 
by  the  so-called  laws  uf  association :  contiguity  and  relation, 
together  with  vividness,  frequenc>',  recency  and  the  number  of 
repetitions  as  determining  the  strength  of  the  association. 
Inferences  irom  experiments  and  pathological  observations 
have  suggested  with  more  or  less  probability,  besides  these, 
certain  less  easily  discernible  factors,  many  of  which  will  have 
to  be  considered  in  the  endeavor  to  account  for  the  experi- 
mental results  presented.  Thus,  Professor  Bumbam  infers 
from  cases  of  retroactive  amnesia  that  "in  normal  memory*  a 
process  of  organization  is  continually  going  on — a  physical 
process  of  organization  and  a  psychological  process  of  repeti- 
tion and  association.  In  order  that  ideas  may  become  a  part 
of  permanent  memory,  time  must  elapse  for  the  processes  of 
organization  to  be  completed."  If  true,  this  theory  would 
play  an  important  part  in  the  explanation  of  the  results  of  this 
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iarestigation.  In  the  cases  of  retroactive  amnesia  described  by 
liini,  the  amaesia  extends  not  only  to  the  facts  of  the  accident 
that  brought  ,it  about,  such  as  the  fall  from  a  horse  or  other 
injury,  but  also  to  the  events  preceding  the  accident  by  from  a 
few  seconds  to  perhaps  several  hours.  The  explanation  pro- 
posed for  this,  which  is  the  basis  for  the  more  general  inference 
quoted,  is  that  the  shock  interrupted  a  certain  organizing  pro- 
cess of  the  mind,  which  is  active  not  only  at  the  time  of  receiv- 
ing the  impressions  but  for  some  timeafterwards  and  is  necessar)' 
for  their  retention  and  recall. 

Therefore,  while  it  is  possible  to  make  each  member  of  an 
external  scries  of  impressions  occupy  a  definite  time  and  be 
succeeded  by  another  after  a  definite  interval,  and  to  make  con- 
scious attention  to  the  impressions  approximately  parallel  with 
this,  there  is  the  possibility  of  a  more  continuous  nervous 
activity,  which,  in  spite  of  the  apparent  parallelism  of  the  ob- 
jective and  the  subjective  series,  can  make  the  results  with  the 
slower  rates  better.  In  'view  of  this  possible  persistence  of 
nervous  activity,  it  will  be  necessary  not  to  imply,  in  formulat- 
ing the  problem,  as  the  study  of  the  effects  of  changes  in  the 
time  variables  in  memorizing,  more  than  that  conscious  atten- 
tion to  the  series  approximately  corresponds  with  the  rate  of 
the  external  series, 

n. 

The  methods  employed  in  memory  investigations  may  be 
placed  in  three  classes,  namely,  those  which  involve  the  com- 
plete memorizing  and  reproduction;  those  which  involve  only 
the  partial  memorising  and  reproduction  of  the  items  studied, 
and  those  which  measure  the  rate  of  functioniag  of  the  associa- 
tion. In  the  first  class  belongs  the  original  memorizing  method 
of  Ebbing  ha  us,  in  accordance  with  which  a  scries  of  nonsense 
syllables  was  repeated  till  a  perfect  repetition  by  heart  was  ob- 
tained. The  numberofrcadlngsor  repetitions  needed  was  used 
to  measure  either  the  increased  difficulty  of  learning  with  in- 
creased length  of  series,  or,  in  the  case  of  series  once  learned. 
to  measnre  after  certain  intervals  the  strength  of  the  associa- 
tions still  remaining  by  ihc  saving  effected  in  rclenming,  in 
comparison  with  the  number  of  repetitions  required  for  a  new 
series  of  the  same  length.  Tbroufjhout  this  paper  this  method 
wilt  be  called  the  complete  memorizing  method.  In  this  class 
belongs  also  one  form  of  the  memory  span  test,  namely,  that  in 
which  the  limits  of  the  span  are  ascertained  by  making  suc- 
cessive additiomt  to  or  .subtractions  from  a  list  of  items  read  or 
shown  to  the  subject  till  the  maximum  number  that  can  be 
retained  after  being  once  beard  or  seen  is  found. 

In  the  second  form  of  the  memory  span  test,  which  is  the  one 
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nsnally  employed  in  simultaoeous  experiments  nitb  a  large 
number  of  individuals,  a  slightly  longer  \ht  of  items  than  can 
be  remcrnbered  after  a  single  presentation  is  tiscd  and  the  rcla- 
ti\'e  eCEciency  measured  inversely  by  the  errors  made.  The 
actual  "memory  span"  is  not  ascertain(.*d  but  merely  the  rela- 
tive efficiency  under  the  same  conditions.  This  experiment  is 
the  best  known  of  those  which  ljclt)ng  to  the  Kecond  group. 
The  reproduction  of  what  is  memorized  is  partial  and  must  be 
so.  since  differences  in  records  are  only  pa«tsiblc  when  errors 
are  present.  The  method  of  right  associates  (  Trrffermethode) , 
developed  by  G.  £.  Miiller  and  Pilzeclcer  in  the  pssychotogicaL 
laboratory  at  Gbttingen  and  6rst  described  in  a  paper  by  Jost, 
in  1897,  ^^^  belongs  in  this  class.  A  series  of  items  like  non- 
sense syllables  is  repeated  a  certain  number  of  times  and,  after 
an  interval,  alternate  ones  are  shown  singly  to  the  subject  and 
he  is  required  to  recall  the  one  immediately  succeeding  or  pre- 
ceding, as  the  problem  may  require.  Usually  the  syllable 
series  is  learned  by  reading  in  trochaic  rhythm;  and  the  test  of 
the  strength  of  the  association  at  some  subsequent  time  is  made 
by  presenting  one  of  the  syllables  of  each  foot  to  the  subject 
and  requiring  him  to  recall  the  other.  The  nnmt}er  rightly  re- 
called is  taken  as  the  measure.  Additional  information  regard- 
ing the  value  of  the  associations  is  sometimes  obtained  by 
measuring  with  the  aid  of  the  chronoscope  the  length  of  time 
required  for  each  recall.  The  prompting  method  of  Ebbinghaus 
is  still  another  method  to  be  classified  in  this  second  list,  la 
this,  too,  not  enough  readings  are  employed  to  enable  the  sub- 
ject to  reproduce  the  material  completely;  the  number  of  times 
be  must  be  prompted  to  enable  him  lo  do  so  is  the  inverse 
measure  of  the  condition  of  the  associations.  The  methods  of 
the  second  class  so  far  described  are,  of  course,  easier  and  do 
not  require  so  much  time  in  execution  as  would  the  memorizing 
of  series  of  the  same  length  for  complete  reproduction,  with  the 
possible  exception  of  the  method  of  right  associates  when  the 
lime  of  the  associations  is  mcasuretl.  This  element  of  greater 
ease  is  still  more  noticeable  in  another  method  belonging  to 
this  class,  which  may  t>c  called  the  recognition  method.  An 
account  of  the  employment  of  it  is  found  in  an  article  by  Hegel- 
maier  upon  memory  for  length  of  lines,  an  experimental  study 
made  in  Vierordt's  laboratory  about  1852.  It  has  since  been 
employed  by  H,  K.  Wolfe  in  experiments  upon  memory  for 
tones  and  by  many  others  in  the  study  of  memory  for  qualities 
and  intensities  of  sensations.  The  method  is  the  same  as  the 
method  of  "right  and  wrong  cases"  in  experiments  for  the 
Weber  law,  the  interval  between  presenting  the  standard  and 
the  comparison  being  varied,  if  the  purpose  of  the  experiment 
is  to  ascertain  the  rate  of  forgetting.     More  recently  the  recog* 
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nition  methcxl  has  beeu  employed  by  Fritz  Reutber  with  com- 
plex nidtcrials.  In  bLs  cxperimcnls  he  required  the  subject  to 
read  series  of  four  place  numbers,  whicb  he  theu  showed  him 
later  acooriling  to  certain  experimental  plans  to  see  how  many 
he  would  recognize.  The  subject  did  not,  of  coarse,  know 
that  the  second  series  was  the  same. 

The  writer  has  employed  the  method  in  the  following  form: 
A  series  of  icn  nonseiLsc  syllables  were  read  once  or  more  ac- 
cording to  the  problem;  then  a  second  series  of  twenty  syllables 
was  shown  containing  the  first  ten  and  ten  others.  The  num- 
ber of  syllables  the  subject  recognized  under  given  condittoas 
was  taken  as  the  measure  of  the  strength  of  the  associations. 
It  is  essential  in  the  use  of  this  method,  as  with  others  of  its 
class,  that  only  a  part  of  the  syllables  shall  be  recognized. 
Fignre  2  gives  a  sample  of  the  material  used. 

FicPRK  a.    Part  I. 
pub      kij       mag      qer      vum      sed      lif      hov      tol      jap 

Part  II. 

tus  zjz  pub  sed  nur  vum  sao  wav  jap  qer 
gox      lif       tol         qif     bov       mag    lom    ket      kij      dul 

The  method  employed  by  Miss  Theodate  L.  Smith,  in  which 
a  series  of  ten  syllables  or  characters  were  exposed  to  new  for 
twenty  seconds  for  the  subject  to  read  as  be  pleaded,  with  the 
requirement  that  he  should  write  down  all  he  could  remember 
afterwards,  belongs  also  in  this  class;  as  do  the  methods  em- 
ployed in  the  experiments  reported  in  this  paper. 

In  the  third  class  may  be  placed  the  usual  methods  for  de- 
termiuiug  the  practice  cur\'e  by  measuring  the  improvemeut  ia 
speed,  as,  for  example,  was  done  by  Bryan  and  Harter  in  the 
study  of  telegraphic  language.  Here,  too,  would  be  placed 
the  method  employed  by  the  writer  in  the  study  of  memory 
problems  by  the  interference  of  as<!Ociations.  In  both  cl85ses 
of  experiments  the  rale  of  functioning  is  what  is  directly 
measured. 

III. 

The  experimental  technique  in  the  use  of  these  methods  also 
goes  bock  to  the  work  of  Ebbiughans.  who  formulated  some  of 
the  chief  requirements.  To  secure  uniform  unconnected  ma- 
terial for  his  experiments,  Ebbinghans  made  use  of  nonsense 
syllable  series.  Miiller  and  Schumann  introduced  a  conven- 
ieut  plan  for  their  coustruction  and  laid  down  certain  rules  for 
securing  greater  bomogcneily,  so  as  to  make  them  "normal" 
or  "extra  normal,"  in  this  developing  a  procedure  which  Eb- 
binghans had  discarded  in  favor  of  leaving  the  character  of  the 
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syllables  wholly  to  chance.  To  be  "normal"  all  initial  con- 
sonants, all  middle  vowels,  and  all  final  consonants  resptx'tivcly 
in  any  given  series  must  be  different,  as  far  as  possible.  The 
initial  consonant  of  the  first  and  the  final  consonant  of  the 
second  syllable  of  one  of  the  trochaic  (eel  into  which  the  series 
is  divided  in  reading  must  not  be  the  same ;  and  two  or  more 
successive  syllables  must  not  form  welUknown  words  or 
phrases.  To  be  "extra  normal"  no  two  syllables  nsed  on  the 
same  day  shall  have  two  letters  the  same.  In  constructing 
series  small  cards  with  initial  consonants  are  placed  Jti  one  box, 
cards  with  the  middle  vowels  in  another,  and  cards  with  the 
end  consonants  in  a  third.  A  syllable  is  made  by  taking  by 
chance  a  letter  from  each  of  the  boxes  in  the  order  mentioned. 
When  a  snfficient  number  of  syllables  for  a  scries  ha.s  been  se- 
cured, the  cards  used  are  pot  back  into  their  respective  boxes 
and  the  procedure  repeated  for  other  series.  After  this,  what 
needs  to  be  done  to  make  the  series  "normal,"  cau  usually  be 
done  by  shifting  one  or  two  syllables:  the  "extra- normal," 
however,  may  require  the  construction  of  new  syllables. 

To  secure  the  uniformity  necessary  for  experimental  pur- 
poses in  the  work  of  memorizing  itself,  Hbbinghaus  read,  re- 
peated what  he  could,  read  from  the  point  of  hesitation,  and 
continued  reading  aud  repeating  in  this  way,  all  at  the  uniform 
rate  of  150  syllables  per  minute,  till  he  was  able  to  repeat  the 
whole  series  by  heart.  The  rate  was  secured  by  timing  the 
reading,  in  the  early  experiments,  by  the  strokes  of  a  metro- 
nome, and  in  the  later,  by  the  ticks  of  a  watch.  The  syllable 
series  was  w^ritteu  on  a  sheet  of  paper,  and  in  reading  several 
syllables  might  be  seen  at  oucc.  The  effort  to  maintain  a  cer* 
tain  rate  by  aid  of  an  external  standard  is  a  source  of  strain 
and  distraction,  especially  at  first ;  moreover,  the  possibility  of 
seeing  several  syllables  at  once  might  introduce  an  error  in  the 
study  of  various  values  in  successive  association.  Miiller  and 
Schumann,  therefore,  in  taking  up  the  study  of  memory  prob- 
lems by  the  Ebbinghans  method,  endeavored  to  avoid  these 
difficulties  by  placing  the  syllable  lists,  written  in  a  vertical 
order,  on  the  horizontal  drum  of  a  kymograph,  before  which 
they  arranged  a  screen  with  an  opening  so  that  only  one  sylla- 
ble could  be  seen  at  a  time.  This  plan  has  been  employed  not 
only  in  the  extensive  and  important  studies  made  in  Professor 
Mitller's  laboratory  at  Gottingen.  but  in  studies  made  else- 
where, as  at  Wiirzburg  and  Chicago.  For  changes  in  the 
duration  of  visibility  of  the  syllables,  or  of  the  intervals  be- 
tween them,  or  of  the  rests  between  series  of  syllables,  it  is 
evidently  inconvenient  and  not  free  from  the  introduction  of 
other  variables  than  the  one  studied.  For  example,  if  the  rate 
of  presentation  of  the  syllables  is  varied  by  chaneinc  the  rate 
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of  the  dma,  tbe  rate  of  motion  of  the  syllable,  as  it  goes  before 
the  ere,  and  so  tbe  time  of  its  visibility,  or  else  the  distance  it 
traverse*.  i»  altered.  To  change  the  rateof  preseot«t)onof  tbe 
syllables  and  yet  keep  the  time  of  visibility  tbe  same,  would 
require  keeptog  the  kymograph  at  the  same  speed  and  respa- 
cing  tbe  syllaUes.  Tbe  aiithors  call  attention  tn  another  diffi- 
culty, namely,  that  watching  the  movement  of  tbe  dram  and 
syllables  give*  ri»e  to  eye  strain  and  even  dizzine^,  which  one 
of  their  subjects  suggested  might  be  remedied  by  having  the 
presentation  of  the  syllables  made  step-fashion.  Pablisbed 
soooimts  of  apparattis  by  which  this  might  be  done  have  not, 
however,  ai^xared  till  recently.  The  latest,  that  by  Dr. 
Wirth,  seems  to  differ  from  the  first,  that  of  Randsbnrg,  chiefly 
tn  being  so  planned  as  to  be  nearly  noiseless  in  its  operation. 
It  consists  eaaenttally  of  a  disc  or  short  drtim  mo^  by  a 
weight,  but  made  to  moi'c  step-fashion  by  an  escapement, 
which  is  operated  electrically  by  a  metronome.  With  the  disc, 
the  items  to  be  learned  are  written  in  sectors,  the  disc  moving 
forward  a  sector  at  a  time  and  each  sector  being  one-sixtieth  of 
the  whole  area.  These  pieces  of  apparatus  leave  the  syllable 
stationary  while  it  is  being  observed  but  do  not  provide  means 
for  varing  the  duration  of  ^Hsibiliiy  independently  of  the  gen- 
eral variation  in  the  rate  of  succession  or  for  the  convenient 
adjustment  of  the  intervals  between  series.  In  these  respects 
tbe  apparatus  used  in  our  experiments  and  described  below  has 
tbe  advantage. 

Figure  3  reproduces  a  sketch  of  the  compound  interrupter, 
or  system  of  pendulums,  by  which  the  inter\-als  between  sylla- 
bles and  the  duration  of  vinbility  of  each  syllable  is  regulated, 
as  far  as  need  be.  independently  one  of  the  otber.  The  visi- 
bility is  regulated  by  the  small  pendulum  at  tbe  right,  P*.  P* 
does  not  swing  independently  of  tbe  other  two  pendulums,  P' 
and  P*.  At  each  extremity  of  its  swing  there  is  an  electro 
magnet,  one  of  which  shows  in  tbe  figure.  It  swings  from  one 
to  the  other  only  when  the  current  in  the  magnet  that  holds  it 
is  broken.  When  the  current  in  the  magnet  at  oue  eud  is 
broken,  it  is  made  simullaneously  in  the  magnet  at  the  other 
extreme,  so  that  the  pendulum,  when  it  reaches  this,  is  caught 
and  held  till  the  current  in  that  is  in  turn  broken.  Tbe  cur- 
rent may  be  made  or  broken  in  these  two  magnets  by  either  of 
the  two  large  pendulums  according  to  the  connections  made. 
The  chaDge  occurs  when  tbe  large  pendulum,  with  which  tbe 
small  pendulum  magnets  are  connected,  swings  past  it^  centre 
and  therefore  regularly  at  the  beginning  of  each  half  swing. 
The  half  swing  of  the  large  pendulums  gives  the  intervals  be- 
tween the  syllables,  the  swing  of  the  little  pendulum  gives  the 
dutatiou  of  visibility,  which  can,  of  course,  remain  the  same 
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with  different  periods  of  the  larger  pendulums,  or  be  varied 
whi!c  the  total  iutenral  between  the  syllables  remains  the  same. 

The  large  pendulums  are  kept  ia  motion  by  being  parts  of 
the  oscillating  motors  (M).  They  receive  a  slight  impetus 
when  nearing  the  vertical  in  their  swing  each  way.  The  com- 
mutator iS)  is  so  arranged  that  the  contact  spring  bears  now 
on  one  side,  now  on  the  other,  according  to  the  direction  of  the 
swing.     The  heavy  lines  of  (S)  are  metallic  contact  surfaces. 

For  practically  all  experimenttt  likely  to  be  made,  only  one 
of  the  large  pendulums  would  be  needed,  so  that  the  inter- 
rupter could  to  that  extent  Ik*  simplified.  It  would  then  con- 
sist of  one  large  and  one  small  pendultim.  The  electrical 
connections  with  the  escapement  would  be  correspondingly 
reduced  in  number.  In  this  respect  it  is  now  so  arrangt:rd  that 
by  the  switch  shown  in  Figure  4  cither  of  the  large  pendulums 
can  be  made  to  operate  the  escapement  iti  immediate  succession, 
the  small  pendulum  working  with  one  or  the  other  as  may  be 
required.  This  arrangemeoi  was  especially  made  so  that  the 
subject,  according  to  a  variation  of  the  Kbbinghaus  method, 
might  read  the  syllables  at  cue  rate  and  repeat  them  at  a 
slower  rate,  but  be  able,  as  soon  as  be  failed  in  repeating,  to 
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tluow  io  the  more  rapid  rate,  at  any  time  In  the  series,  for 
furlber  reading.  Howl-vlt,  nu  use  o(  it  for  this  purpose  has 
been  made  and  most  forms  of  experiment  would  nut  require  it, 
80  that  the  device  for  this  particular  purpose  could  very  well 
be  omitted.  As  far  as  known  to  the  writer,  this  piece  of  ap- 
paratus for  combined  intervals  is  new  in  piiuciple  and  design 
and  may  possibly  prove  to  be  of  some  service. 

O 


o 


PloiTUl  4-    BxfoscKK  Drum. 

Figure  4  gives  a  picture  of  the  exposure  drum  and  escape- 
ment. The  drum  is  about  16.5  cm.  loug  and  9  cm.  in  diame- 
ter. Since  it  must  act  as  <iuickly  and  with  as  tittle  shock  as 
potable,  a  point  of  special  importance  is  to  make  it  very  light. 
This  one  has  aluminum  cndi;  and  a  thin  aluminum  c>'linder. 
For  the  cylinder  a  heavy  paper  was  at  one  time  used,  but  the 
aluminum  seems  better.  The  use  of  a  skeleton  steel  eud  for 
the  one  with  the  cogs  would  be  an  improvement.  One  thing 
to  be  noted  is  that  by  the  pressure  of  the  lever  the  escapement 
is  thrown  out  of  action  so  that  the  drum  flies  around  to  the 
starting  point,  being  there  arrested  by  the  two-pronged  spring 
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screwed  to  tbe  end  of  the  drum,  tbe  carved  prong  arresting 
the  drum  gently,  the  straight  one  placing  tt  in  position.  As 
soon  as  the  end  of  a  series  is  reached,  it  is  possible  to  make  the 
iuterval  before  beginniug  reading  it  again  whatever  may  be 
dtsured,  without  the  need  of  waiting  till  the  drum,  by  its  inter- 
nipled  motion,  brings  one  to  the  beginning. 

The  noise  is  reduced  somewhat  by  mounting  the  drum  solidly 
on  a  rather  heav>'  iron  base  and  by  placing  the  entire  apparatns 
on  a.  stone  foundation.  But  even  so,  the  escapement  works 
with  a  sharp,  though  not  a  reverberating  click.  However,  the 
blows  of  the  cogs  on  the  escapement  are  synchronous  with  tbe 
presentation  of  the  syllables  and  distract  tbe  attention  but 
little,  since  there  is  no  re<]uirement  that  they  shall  be  attended 
to  or  followed.  The  effect  is  somewhat  tbe  same  as  would  be 
produced  by  accompanying  the  oral  reading  of  the  syllables  by 
a  synchronous  tapping  on  the  table. 

One  part  of  the  apparatus,  does  not  show  in  the  sketch, 
namely,  the  part  needed  in  the  employment  of  the  recognition 
method  described  above.  In  this  case  it  is  necessary  to  have 
some  means  of  recording  what  syllables  are  recognized.  This 
record  is  made  on  a  narrow  strip  on  the  left  end  of  tbe  dmm 
by  means  of  an  electric  marker.  The  use  of  other  parts  of  the 
appoiatus,  such  as  the  slide  with  opening  for  seeing  the  sylla- 
bles and  the  rotation  recorder  at  the  right  end,  doubtless,  need 
no  explanation.  One  other  thing,  however,  should  be  men- 
tioned. No  additional  apparatus  is  needed  in  employing  the 
method  of  right  associates,  except  a  cbroooscope  in  case  tbe 
time  of  recall  is  also  to  be  measured.  The  pressure  on  tbe 
same  key  can  simullaneonsly  start  the  cbronoscope  and  make 
the  exposure  of  the  syllable. 

The  drum  was  made  of  such  a  size  that  the  vertical  distances 
of  the  syllables,  or  the  ioterlineage,  corresponds  to  a  fixed 
intcriiueage  of  a  type-writer,  by  which  all  the  syllable  lists 
have  been  prepared. 

IV. 

As  has  been  stated,  the  first  experimental  data  were,  how- 
ever, not  obtained  with  the  aid  of  this  apparatus  but  by  oral 
presentation  at  different  rates,  the  rate  being  controlled  by  a 
metronome.  The  chief  experiment  made  by  Supt.  Sanders  by 
this  method  comprises  records  obtained  simultaneonsly  from 
thirty  students  in  the  psychological  laboratory,  in  May  and 
June,  1895.  The  studeni!!i  bad  participated  in  laboratory 
practice  throughout  the  academic  year  up  to  that  time,  so  that 
the  conditions  were  qnite  favorable.  Two  kinds  of  materials 
were  nsed,  namely,  lists  of  ten  associabic  words  and  lists  of  ten 
letters  arranged  In  accidental  order.     Scriesof  both  kinds  were 
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read  on  each  dajr  of  expeTimentatioQ  according  to  a  compensa- 
ting programme,  with  intervals  from  word  to  word  or  letter  to 
letter  of  o,  .5,  t.  and  2  seconds.  Kach  series  was  read  once 
and  the  subjects  were  asked  to  write  down  as  many  as  tbey 
could  remember  within  b  certain  time  beginning  immediately 
after  tbe  reading.  The  average  number  of  series  of  a^^sociable 
words  find  letters  employed  with  each  individual  at  each  rate 
was  32-4  and  30.23. or224  words  and  302.3  letters  respectively; 
giving  a  total  of  6,730  words  and  9,070  letters  for  tbe  whole 
group  at  each  rate,  or  a  total  of  30, 160  words  and  27,210  letters 
for  all  at  all  three  rates.  Tbe  errors  made  are  dassi&ed  as 
omissions,  insertions,  and  mistakes  of  order.  By  omissions  is 
meant  the  number  of  words  or  letters  left  out  by  the  subject  in 
rcprodncing  a  series,  by  insertions  the  number  of  words  or 
letters  put  down  by  him  that  were  not  in  the  original  series. 
The  number  of  real  mistakes  of  oider  cannot  be  counted 
exBclly  but  it  is  probably  approximately  proportional  (0  the 
number  of  changes  that  must  be  made  to  set  tbe  series  right, 
and  this  is  what  has  been  counted  and  set  down  under  the 
bead  of  mistakes  of  order.  The  accuracy  of  reproduction  is 
inversely  as  the  number  of  errors;  this  must  be  kept  in  mind 
io  the  interpretation  of  the  averages. 


Table  I. 


AtteeiabU  Words. 


tetters. 


IntmrBlii  between 
word*. 

0-5 

1 

a 

O.J 

t 

a  Kcondt. 

OmiMion*. 
Insertions, 
Uintukcs  of  order. 

540 
209 

1967 

167 

1386 
186 
^34 

3439 
835 

7J5 

705 
801 

3160 
6m 
703 

Total. 

M3S 

»453 

t6o6 

3999 

3868 

3487 

Per  cent,  of  whole 
Dumber  of  words 
or  letters. 

51.13 

365 

23.9 

44.09 

43.65 

38-44 

To  facilitate  comparison  of  the  changes  with  the  different 
rates.  Table  II  gives  tbe  disiribution  of  errors  at  the  different 
rates  in  per  cents  of  the  total  numl>er  of  errors  of  each  kind. 

The  number  of  errors  with  the  associable  words  is  37.17% 
of  the  whole  number  of  words;  the  number  of  errors  with  the 
letters  is  41.73%  of  the  whole  nnmlwr  of  letters.  In  ihc  case 
of  the  words,  the  omissions  are  29.46%.  the  insertions  5.16% 
and  the  mistakes  of  order  2.53%of  the  whole  number  of  words; 
and  in  the  case  of  tbe  letters  the  corresponding  per  cents  are, 
a^-S^t  7*93,  and  8.45.      Tbe  fact  that  there  are  relatively 
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V               Asiociable  Words. 

I 

LeUen. 

Intervals. 

OS 

I 

3 

0.5 

I 

2  flecoods. 

OmiMJona. 

InscrtionB. 
Mistakes  of  order. 

45  "S 

51-67 
40.95 

33" 

30-53 
3^-75 

21 .65 

17-8 

36. 3S 

55 -04 
38.36 

31-83 

33-93 
3* -73 

35-77 

31-03 
38.97 

31-4 

Total. 

45.84 

33.74 

21.43 

W-aS 

34.04 

30.79 

more  insertions  and  especially  mistakes  of  order  witb  the  letters 
than  with  the  words,  is  dottbtless  due  to  the  fact  that  the  words 
make  a  series  with  an  order  determined  by  the  associations, 
which  is  not  generally  true  with  the  letters  but  only  accident- 
ally so  when  they  happen  to  fall  into  a  mnemonic  scheme. 
That  Ihey  would  noi  be  remembered  so  well  in  their  order 
would  naturally  fallow.  The  absence  of  definite,  well  known 
association.s  in  the  case  of  the  letters,  together  with  their  small 
number  and  their  being  used  over  and  over  again  would  make 
one  more  liable  than  tn  the  case  of  the  words  to  make  iusertiotu 
of  letters  which  should  not  be  present. 

What  concerns  u»  u.spccially.  however,  is  Ihe  striking  diSer* 
ence  in  the  relative  distribution  of  errors  in  the  two  kinds  of 
materials  at  the  different  rates.  With  the  words  the  number 
of  errors  dccrefl?es  to  less  than  half  as  the  intervals  increase 
from  0.5  to  2  seconds,  With  the  letters  the  decrease  is  rela- 
tively small,  the  change  from  i  to  2  having  somewhat  greater 
effect  tlian  the  change  from  0.5  to  i  second.  With  neither 
kind  of  material  do  the  different  kinds  of  errors  decrease  in  the 
same  proportion.  In  both  the  decrease  in  the  per  cent,  of  inser- 
tions is  greatest,  in  the  per  cent,  of  mistakes  of  order  least  of 
all. 

The  marked  reduction  of  the  errors  with  lengthening  inter- 
vals in  the  case  of  the  words  can  leave  no  doubt  of  the  great 
effect  of  the  interval.  The  reduction  occurs  with  every  indi- 
vidual and  with  regard  to  all  kinds  of  errors,  with  a  few  excep- 
tions in  mistakes  of  order.  The  number  of  errors  would  be 
still  further  reduced  if  the  intervals  were  made  longer,  for,  il 
the  connection  between  the  words  is  carefully  noted,  all  can 
usually  be  reproduced  either  forward  or  backward,  even  after  a 
considerable  period  of  time.  Should  the  reduction  in  the  num- 
ber of  errors  continue  at  the  same  rate,  as  is  probable,  there 
would  be  only  io%  errors  if  the  longest  interval  were  doubled; 
and,  if  the  interval  were  then  doubled  again,  nearly  all  would 
perhaps  disappear. 

In  the  case  of  the  letters  the  reduction  in  the  errors  with  in- 
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creaaiiig  intcnrab  is  relatively  small  and  does  not  occnr  m 
everj-  case  but  only  with  twenty-one  of  the  thirty  sabjects,  the 
rest  either  doing  nearly  equally  well  or  slightly  better  with  the 
more  rapid  rates. 

After  the  tests  were  over.  Supt.  Sanders  made  a  personal 
inquiry  regardiDg  the  methods  of  memorizing  by  the  different 
subjects,  particularly  as  to  whether  ninemouic  aids  suggested 
themselves  in  learning  the  letters.  He  found  thai  most  of 
those  who  prefer  the  slower  rates  have  a  disposition  to  employ 
acme  grouping  or  association,  while  most  of  those  who  prefer 
the  more  rapid  rates  do  not  do  so.  It  seemed  probable,  there- 
fore, that  the  better  record.s  obtained  with  the  tetters  at  the  slower 
rates  were  due  to  associative  processes  iu  this  case  as  well  as  in 
the  case  of  the  words,  and  that,  aside  firom  this  the  miud  can 
adapt  itself  to  receiving  simple  unrelated  impressions,  like  the 
letters  nearly  equally  well  at  any  of  the  rates  employed,  white 
the  intervals  have  a  high  value  with  relatively  complex  and 
aasociable  material.  That  this  conclusion  represents  the  raost 
important  comparative  aspect  of  the  two  sets  of  experiments, 
seems  clear.  Whether  it  cau  lie  madi:  to  cover  all  the  facts  now 
known  about  this  problem,  will  be  considered  later  in  connec- 
tion with  the  discussion  of  subsequent  experiments  and  the 
results  of  others. 

In  the  case  of  the  associable  words  the  total  number  of  errors 
make  the  foltowiug  per  ceuts  of  the  whole  number  of  words  at 
the  different  rates;  (0.5.  1.  and  2  seconds),  namely.  51.  I2, 
36.5,  and  23.9,  giving  14.62  and  12.6  respectively  as  the 
amount  of  decrease  from  the  shortest  to  the  medium  and  from 
the  medium  to  the  longest  interval.  If  we  consider  only  the 
omissions,  which  are  about  four  times  as  numerous  as  all  the 
other  errors  put  together,  we  find  that  the  decrease  from  0.5  to 
I  is  almost  exactly  as  great  as  the  decrease  from  1  to  2.  the 
omissions  making  the  following  per  cents  of  the  whole,  39.97, 
29.27  and  19,14,  and  giving  10.7  and  10.15  as  the  differences. 
The  decre^ise  iu  the  errors  proceeds  approximately  iu  an  arith- 
metical  series,  while  the  intervals  increase  iu  a  geometrical 
series,  ihe  rate  of  decrease  of  the  insertions  being  greater  and 
that  of  mistakes  of  order  less.  The  nnmt>cr  of  insertions  at 
the  fastest  rate  is  disproportionately  large,  which  may  be  due 
to  indistinctness  of  enunciation  by  the  experimenter  or  inat- 
tention on  the  part  of  the  subject.  As  has  been  said,  if  the 
relatitiuK  in  the  series  had  been  clearly  noted,  nearly  all  of  the 
words  would  have  been  recalled.  The  realization  of  meanings 
and  the  noting  of  relations  between  the  words  took  place  to 
some  extent  with  the  most  rapid  rate,  to  a  much  greater  extent 
with  the  slowest  rate,  though  it  was  even  with  this  incomplete. 
The  words  represent  complex,  though  familiar  ideas  and  the 
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seeing  of  tlie  relations  between  them  depends  upon  and  doubt- 
less takes  place  directly  in  connection  with  the  apprehension 
of  the  different  meanings  of  the  words.  Moreover,  if  we  as- 
sume that  the  amoniit  recalled  varies  with  the  degree  of  asso- 
ciation, we  can  state  the  remilt  from  this  point  of  view  as  fol- 
lows: The  aeguisition  and  retention  of  a  series  of  familiar  assO' 
ciahle  words  varies  approximaiely  as  (he  logarithm  of  the  interval 
at  ■which  the  words  are  spoken,  the  shortest  iniertra/  being-  that 
which  barely  permits  a  clear  pronunciation.  The  length  ol  time 
before  a  given  stage  of  association  woald  be  reached  would 
vary  with  the  individual  and  the  material,  but  even  within 
these  limits  the  scope  of  this  law.  if  we  can  so  call  it,  may  be 
very  great.  It  is  not  unlikely  that  it  would  roughly  represent 
the  rale  of  acquisition  of  ideas  from  reading  or  oral  communi- 
cation; not  that  the  intcr\-als  in  this  case  would  be  between 
words,  but  rather  between  ideas  suggested  by  significant  words, 
phrases,  and  clauses.  Seeing  the  relations  between  the  words 
of  these  experimental  series  requires  a  realization  of  the  mean- 
ings of  words  and  the  perceiving  of  relations,  which  is  not 
unlike  the  process  required  for  the  apperception  of  discourse. 
According  to  thih  formula,  acquisition  is  especially  rapid  in  the 
first  few  moments,  which  accords  with  experience,  since  a 
speaker  needs  only  to  make  a  small  difference  in  his  rate  of 
utterance  to  make  himself  either  well  or  ill  understood.  With 
respect  to  this  matter,  however,  iudividuiil  differences  are  con- 
siderable, and  the  statement  is  only  regarded  as  a  rough  ex- 
pression of  a  general  result.  A  preliminaiy  experiment  by 
Supt.  Sanders  with  six  persons  gives  some  additional  data. 
Two  kinds  of  materials  were  used,  namely,  lists  of  ten  associa- 
ble  words  and  lists  of  eight  disconnected,  or  dyssociable  words. 
There  are  340  scries  for  each  of  the  six  general  averages,  40 
being  supplied  by  each  subject.  The  intervals  do  not.  in  this 
CM«,  mate  a  geometrical  progression,  which  must  be  kept  in 
mind  in  considering  how  closely  the  averages  follow  the  for- 
mula. The  per  cents  in  the  the  table  below  (the  sums  for  all 
three  kinds  of  errors)  are  of  the  total  number  of  words  for  the 
different  intervals. 


AsSQciabte  Words. 

1    Disconnected  Words. 

latervals. 

.476 

■715     1-43 

.476 

•715 

1-43  MC. 

Per  cent,  of  errors. 

63.4 

SI -04  1  35-45 

66.7 

56.8 

45 

Dlficrencrs. 

ia.36     15.64 

9- 

9        11 

.% 

To  conform  to  the  formula  differences  with  the  associahle 
words  should  be  in  the  ratio  3:  5.     Tb*  ariaal  ratio  is  3:4, 


aas 
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which  shows  considerable  divergcDce.  There  was  some,  but  not 
so  great,  a  difference  Id  the  same  direction  tu  the  precediug 
experiment.  This  may  be  the  normal  deviation,  though  there 
is  some  reason  for  believing  that  it  is  due  to  the  development 
of  insertions  from  cauiies  that  would  not  1>e  a  part  of  the  process 
to  which  the  fonniila  is  supposed  to  apply.  Such  would  be 
inscitions  due  to  miscouceptions  of  words  indistinctly  spoken, 
which  would  be  liable  to  occur  chiefly  at  the  most  rapid  rate. 
The  misconception  takes  its  place  as  one  of  the  number  of 
items  the  subject  can  remember  and  so  will  often  give  rise  to 
an  otuission  as  well  as  to  an  insertion,  in  this  case,  counting 
double  iu  the  totals.  Supt,  Sanders  collected  a  uumber  of  in- 
stances of  still  another  type  of  insertion  that  occurs  chiefly 
with  the  rapid  rate.  In  this  case  the  subject,  instead  of  re- 
membering ihe  word  spoken,  remembers  a  suggested  word. 

Word  pronouuced.  Word  wrilteo.  Word  prouoouccd.  Woid  written, 

lisp  tongue  music  songs 

dual  double  fire  flames 

silent  quiet  classes  scholars 

trees  forest  sound  noise 

son  boy 

With  regard  to  the  disconnected  words,  it  might  have  been 
supposed  that  the  effect  of  the  intervals  with  them  would  cor- 
respond rather  with  the  effect  on  the  letters  than  with  die 
effect  on  the  associable  words,  bnt  the  reverse  is  true.  It  will 
be  seen,  however,  that  the  influence  of  the  intervals  in  the  case 
of  the  disconnected  words  is  only  about  two-thirds  as  great, 
which  would  place  them  in  this  respect  betweeu  the  associable 
words  and  the  letters.  As  in  the  ca.st.*  of  the  associable  series, 
the  words  represent  familiar,  but  rather  complex,  ideas,  and 
besides,  they  may  not  be  wholly  unassociable,  but  merely  dys- 
sociable.  The  explanation  of  the  effect  is  therefore  probably 
the  same  in.  both  cases,  though  the  value  of  the  longer  intervals 
with  the  disconnected  words  is  probably  to  be  found  in  the 
more  complete  apprehension  of  the  individual  words  rather 
than  of  their  connection  with  each  other. 

V. 

In  the  experiments  made  by  Mr.  Kernngton  in  1903-4,  with 
the  aid  of  the  apparatus  described  in  Section  III,  only  one  kind 
of  material  was  used,  namely,  nonsense  syllables.  In  this  case 
a  greater  degree  of  precision  with  regard  to  the  intervals  is 
possible;  and  the  schedule  of  experiments  was  arranged  to 
make  use  of  this  advantage  so  as  to  ascertain  the  effect  of 
changes  iu  all  the  elementary  time  variables.  It  was,  there- 
fore, partly  a  study  of  the  elementary  factors  of  technique  and 
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partly  a  stndy  of  the  psychological  problems  invoU'ed.  The 
experiments  of  Sauders  were  addressed  to  the  ear.  these  to  the 
eye;  and  the  subjects  were  tested  singly,  not  eu  masae  is  be- 
fore. 

The  clemeniary  time  variables  are  the  duration  of  exposure 
of  the  syllable,  the  intervals  between  syllables  (that  is,  the 
time  from  the  beginning  of  one  syllable  to  the  beginning  of  the 
next),  and  the  rest,  or  interval  from  the  end  of  one  complete 
reading  of  a  &erics  to  the  beginning  o£  the  next  reading.  As 
the  vacant  interval  from  one  exposure  to  the  next  is  the  com- 
plement of  the  exposure  with  respect  to  the  whole  interval,  It 
will  not  need  separate  treatment. 

Mr.  Herrington's  work  comprises  thus  three  sets  of  experi- 
ments, one  for  each  of  the  time  variables,  with  records  from 
three  subjects  in  each  case.  Twelve  syllable  i»ertes  wete  ased 
throughout.  Kacb  was  read  four  times  under  cuudiLions  re- 
quired by  the  problem,  immediately  after  which,  within  a 
specified  time,  the  subject  was  required  to  write  dnwn  as  many 
syllables  as  he  could.  Forty-eight  series  were  studied,  that  is, 
read  silently  by  each  person  at  each  rate.  Cach  day  be  was 
given  twelve  series  to  learn.  These  were  distributed  equally 
with  respect  to  the  different  rates  and  tslcen  in  such  an  order 
as  to  compensate  as  far  as  possible  for  practice  and  fatigue,  so 
as  to  permit  at  the  end  a  safe  comparison  of  the  records  under 
the  different  conditions. 

The  first  set  of  records  concerns  the  value  of  variations  in 
the  time  of  exposure,  or  visibility,  of  the  syllable,  when  the 
total  interval  from  syllable  to  syllable  remains  constant,  The 
exposure  was  reduced  till  it  seemed  barely  possible,  without 
practice,  to  read  a  series  correctly.  This  exposure  was  4i(r. 
The  exposure  was  then  increased  by  doubling  so  that  the  dura- 
tion makes  a  geometrical  series,  all  but  the  last,  which  was 
erroneously  made  a  little  too  small  for  this  purpose.  The  total 
constant  interval  from  syllable  to  syllable  was  •j6Sa.  By  sub- 
tracting from  this  the  different  exposure  times,  the  length  of 
the  vacant  intervals  from  the  end  of  one  exposure  to  the  next 
may  be  obtained.  The  following  table  gives  the  average  ntun- 
ber  of  errors  of  all  kinds,  per  series,  together  with  the  probable 

Tabu  hi. 


Bzpotnre. 

4U 

83<r 

■64# 

31& 

J.  L.  M. 
G.  A.  H. 
J.  n.  W. 

13-6  ±  .as 
10.7  ±   .13 
10.7  ±    .23 

13-8  ±    -34 

to. I  ±  .03 

10.3   ±    .33 

15-7  ±    oi 
10.7  ±   .33 
10.5  ±   .19 

13. I  ±   .3" 
10.8  ±   .35 
10.7  ±  .22 

Average. 

it.66 

11-03 

11.63 

11.53 

334 


BBRG5TKOU 


errors  of  the  arerages,  the  latter  being  catcolated  from  the 
records  grouped  into  ai  averages  of  eight  each  to  compensate 
for  practice  effects. 

It  will  be  seen  that  the  variations  in  the  exposnre  appear  to 
afiect  the  results  bnt  little.  However,  a  welt  marked  prefer- 
ence was  expressed  by  the  stibjects  for  the  exposure  of  82«t, 
though  the  actual  results  do  not  indicate  any  important  differ- 
ence in  its  favor.  It  was  said  to  be  more  agreeable  and  restful 
than  the  others.  It  is  on  account  of  this  preference  that  this 
exposure  is  used  in  the  subsequent  experiments  with  other 
variables.  The  jiRff  exposure  was  felt  to  be  unnect-ssarily  and 
somewhat  disagreeably  long  and  the  4t<r  as  so  inconveniently 
short  as  to  involve  a  strain. 

The  apprehension  of  a  syllable  is  so  nearly  purely  a  preformed 
apperceptive  process  thai  the  longer  duration  of  the  visual 
image  seems  to  affect  the  result  bnt  little.  In  fact  the  process 
appears  to  have  a  period  of  its  own  so  that  the  duration  of  the 
objective  stimulus  beyond  a  certain  point  is  felt  to  be  disagree- 
able. The  process  of  apprehension  does  not  end  with  the  ex- 
posure: ioT.  as  will  be  seen  in  the  next  experiment,  the  length 
of  the  vacant  interval  before  the  next  exposure  affects  the 
results  very  greatly,  bnt  for  this  the  objective  stimulus  is  not 
needed  and  is  likely  to  be  felt  as  a  source  of  distraction. 

There  is  still  another  way,  besides  through  the  duration  of 
the  visual  impression,  that  we  might  expect  that  var^'ing  ex- 
poenrc  would  affect  the  results,  that  is  hy  inducing  a  more  or 
less  tense  attention  according  as  the  syllable  must  be  recognized 
in  a  very  short  or  a  relatively  long  time.  That  this  would 
affect  tlie  records  favorably  or  unfavorably,  is  nnt  impossible. 
Another  set  of  records  would,  perhaps,  give  more  marked  dif- 
ferences than  were  obtained  this  time,  especially  since  the  sub- 
jects learned  so  few  of  the  syllables  that  a  difference  of  a  single 
one  represents  a  large  fraction  of  all  they  learned  and  the  test 
could  be  made  more  sensitive  either  by  reducing  the  number  of 
syllables  or  increasing  the  number  of  repetitions.  The  com- 
ment of  one  subject  on  the  318c  exposure  suggests  another 
possibility,  which  it  would  require  additioual  experiments  to 
test.  He  said  this  exposure  wa.s  Dnsatisfactor^-  because  it  was 
too  long  for  one  thought  of  the  syllable  and  not  long  enough 
for  two.  Should  the  hypothesis  implied  prove  correct,  there 
might  be  several  exposures  of  a  certain  periodicity  that  would 
appear  agreeable,  though  it  does  not  seem  probable  that  a 
second  or  third  look  would  enable  the  snbject  to  make  better 
records  than  he  would  make  with  the  same  number  of  purely 
mental  repetitions. 

In  the  second  set  of  experiments  the  exposure  is  kept  con- 
Staut  at  83cr,  but  the  interval  from  the  beginning  of  one  syllable 
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^M         to  the  begianiog  of  the  next  is  varied.     The  vacant  interval         ^^H 
^B          from  the  end  of  one  exposure  to  the  beginning  of  the  next  is,          ^^^| 
^B          of  conr^.  obtained  by  subtracting  B^t  from  tlic  total  interval         ^^^| 
^1          in  each  case.     The  method  and  programme  of  work  is  similar         ^^^| 
^M          to  that  of  the  preceding  experiment.     There  are  48  records  for         ^^H 
^1          each  average,  or  a  total  of  433.     The  subjects  were  requested         ^^^| 
^B          not  to  repeat  the  syllables  more  than  once,  which  they  did         ^^^| 
^M          silently  at  the  time  of  exposure,  and  to  make  an  effort  to  keep         ^^H 
^H          the  mental  processes  parallel  with  the  external  series  given  by         ^^^| 
^H          the  appamtus,  so  that  the  results  obtained  might  not  be  due  to         ^^^| 
^H          conscious  utili/.ation  of  the  lunger  intervals  for  extra  repeti-         ^^^| 
^1          tions.     It   was  with  the  variable    here   considered    that   the         ^^^| 
^M          experiments  uf  Supt.  Sanders  dealt,   though   with   different         ^^H 
^M          materials  and  methods.     Below  is  a  table  of  the  average  num-         ^^H 
^M          ber  of  errors  per  series.                                                                            ^^H 
^m                                                     Taslb  IV.                                                       ^^H 

^H                 Total  iolervals. 

384' 

7680 

^^1 

^1                 W.  W.  C. 
H 

H 

11.6  ±  .37 

9-3  J:   -M 
IQ.      ±    .25 

to. 4  ±   .19 

8.7    ±     .14 

7.6   ±     .19 

.34            ^^H 

5-9                                ^^1 

^1                     AT«img«. 

10.3 

8.9 

75                                ^^1 

^H              The  effect  of  increasing  the  intervals  is  greatly  to  decrease         ^^^| 
^M          the  number  of  errors.     The  short  interval  is  nearly  the  mini-         ^^H 
^B          mum  for  persons  without  special  training,  but  the  indications        ^^^B 
^B          are  that  an  interval  longer  than  any  employed  would  have  still         ^^^B 
^B          further  reduced  the  errors.                                                                      ^^^B 
^B              In  the  third  set  of  experiments  the  rest,  or  interval,  betweeu         ^^^B 
^B          the  end  of  one  readiug  and  the  beginning  of  the  next  reading         ^^^B 
^B          of  the  series  as  a  whole,  is  the  object  of  investigation.     A  pro-         ^^^B 
^B          cednre  corresponding  with  that  of  the  preceding  experiments        ^^^B 
^B          b  employed.     As  before,  the  table  gives  the  average  number        ^^^B 
^B          of  errors  per  series,  of  which  there  were  48  for  each  average,         ^^^| 
^B          or  a  total  of  452.     The  exposure  was  S3<t,  and  the  interval        ^^^| 
^B          from  the  beginning  of  one  syllable  to  the  beginning  of  the        ^^^B 
^B          next  was  5567.     The  subjects  were  asked  to  avoid  recalling         ^^^| 
^B          the  syllables  in  the  rest  period ;  and  two  of  them  employed         ^^^| 
^B          devices  like  whistling  or  hamming  tunes  to  enable  them  better         ^^^B 
^B          to  conform  to  the  requirement.                                                               ^^^| 
^fl              It  is  clear  that  the  duration  of  the  rest  between  readings  can,         ^^H 
^B          also,  greatly  affect  the  results.     The  length  either  of  the  Inter-         ^^^| 
^B          vals  between  syllables  or  of  the  rests  between  readings  need        ^^^| 
^B           therefore  to  be  regulated  carefully  in  memory  experimentation.         ^^^B 
^^^^        Both  longer  intervals  between  syllables  and  longer  rests  be-        ^^^B 
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Tabu  V. 


Rests. 

*» 

30 

60  seconds. 

M.A.  C. 
W.  T.  S. 
M.  S. 

9-3  ±   -34 
9-5  ±   •'? 
9.4  ±   .03 

8.7  ±    .19 

7.6   ±    .03 
6.9   ±     .37 

7-4  ±     ai 

6.7  ±  .03 

5.8  ±  .17 

Avcragt. 

9  4 

7-73 

6.63 

tween  reading!*  increase  the  average  time  between  the  reccp* 
tiou  of  the  impressiou  and  the  effort  to  reproduce  it.  Other 
things  being  equal,  we  should  expect  thi.s  to  cause  an  increase 
and  not  a  decrease  in  the  number  of  errors  with  the  longer 
intervals  and  rests,  since  wc  are  disposed  to  assume  that  a 
nervous  impression  begins  to  fade  away  soon  after  it  is  received, 
in  case  it  is  left  to  itself  and  not  further  elal»orattrd  and  con- 
nected by  attention,  which  accords  with  many  facts  both  of  the 
laboratory  and  of  common  experience.  If  this  assumption  is 
true,  then  the  advantage  of  the  longer  intervals  and  rests  would 
consist  not  of  greater  strength  from  the  independent  develop- 
ment of  the  impression,  but  of  greater  strength  either  from 
clearer  6rst  impressions,  or  from  more  adequate  association,  or 
from  the  de\'e)opmeut  of  tendencies  to  recall,  or  perhaps  from 
still  other  factors,  less  known,  but  like  these,  favored  by  a 
longer  lime.  While  it  would  still  be  necessary  to  recognize 
these  factors  if  this  assumption  were  not  true,  since  they  have 
undoubted  value ;  yet,  if  the  assumption  is  not  true,  an  hy- 
pothesis with  regard  to  the  effect  of  the  passage  of  time  upon 
an  impression  could  be  framed  that  might  be  a  partial  explana- 
tion of  the  results.  If,  for  example,  the  contrary  hypothesis 
were  plausible,  namely,  that  an  association,  tike  an  organ  of 
the  body  in  its  development,  grew  .stronger  the  older  it  became, 
theu  a  louger  average  time  between  impression  and  reproduc- 
tion would  be  of  advantage. 

Whether  this  hypothesis  is  involved  in  Jost's  law  is  uncer- 
tain, since  be  emphasizes  especially  the  matter  of  repetition, 
and  would  explain  the  value  of  rests  between  readings  by  the 
theory  that  the  repetition  of  older  has  a  greater  value  relatively 
than  the  repetition  of  younger  associations.  Such  a  specific 
value  might,  of  course,  be  due  to  continued  growth  of  strength 
of  the  association  with  time  or  to  a  greater  eflficacy  of  the  act 
of  repetition  itself  in  the  case  of  older  as.sociations.  The  latter 
alternative  is  more  strongly  implied  by  Jost's  phraseology.  If 
such  a  peculiar  process  should  actually  exist,  it  is  likely  that 
it  would  be  due  to  a  special  development  in  mental  evolution. 
Its  general  effect  would  be  partly  to  counteract  the  disadvan- 
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^m        tage  of  forgetting  in  tbe  case  of  the  associatians  which  experi-         ^^H 
^H          ence  required  us  to  renew.     This  might  possibly  be  of  sufficient         ^^^| 
^H          practical  itnportaoce  to  make  the  process  subject  to  natural         ^^^| 
^H          selection.     However,  several  other  factors,  whose  efficiency  is         ^^^| 
^M          undoubted,  need  to  be  taken  into  account ;  and  such  an  hy-         ^^^| 
^1          pothesis  should  not  be  resorted  to  till  these  are  exhausted.                 ^^^| 
^M            Of  all  the  errors  made  by  the  subjects  in  the  tests  forthe         ^^H 
^M          effect  of  different  exposures,  70%  were  omissions.   36%  were          ^^H 
^H          insertions,  and  4%  were  mistakes  of  order.     These  per  cents         ^^^| 
^H          vary  considerably  with  the  difierent  persons  but  the  distxibu-         ^^^| 
^1          tion  of  errors  for  each  one  with  tbe  diSerent  exposures  is  about         ^^^| 
^H          the                                                                                                              ^^^1 
^1              With  varying  intervals  between  syllables,  the  per  cents  of         ^^^| 
^1          the  different  kinds  of  errors  are  79.66,  17.33,  ^^^  3!  f^^  we  note         ^^^| 
^M          here,  too,  wide  individual  difTerences.     But  there  is,  in  addi-         ^^^| 
^B         tion,  an  imjrartant  difference  in  the  distribution  of  errors  with         ^^^| 
^1          the  different  rates,  as  will  be  seen  in  the  following  table.                     ^^H 

H                                                                         TABT.V                                                                                 ^^1 

^1             Intervals. 

OmisBioni. 

losertiona. 

Mittakcs  oi  order.           ^^^H 

W-8 
335 
26.6 

36  I 
32.2 
31.7 

303                ^^M 

^H              The  distribution  of  the  mistakes  of  order,  which,  however,         ^^^| 
^B          are  only  3%  of  the  whole  and  so  do  not  greatly  affect  the  gen-         ^^^| 
^M          eral  average,  varies  inversely  as  that  of  the  omissions.     This         ^^H 
^m          is  true  of  all  three  subjects.     The  distribution  of  the  insertions         ^^H 
^M            not  so  definite.                                                                                ^^H 
^H              It  appears,  then,  that  the  longer  intervals  serve  especially  to         ^^^| 
^M          enable  the  subject  to  fix  in  mind  a  larger  number  of  syllables         ^^^| 
^M          but  that  the  place  and  connection  of  tbe  syllables  grows  less         ^^^| 
^m          distinct  with  the  longer  intervals.     We  should  not  have  such  a         ^^H 
^H          result  if  Jost's  law  were  true  of  all  kinds  of  associations,  includ-          ^^^| 
^1          tng  those  determining  the  order;  and  another  hypothesis  would         ^^^| 
^1          fit  the  facts  of  the  above  experiment  better,  namely,  that  tbe         ^^^| 
^1          longer  intervals,  through  keener  attention  and  longer  time  for         ^^^| 
^H           association,    permit    a  better  associative  apprehension  of  the           ^^^| 
^H         syllables.     Even  if  definite  mnemonic  words  are  not  suggested.          ^^^| 
^H          bits  of  words,  familiar  letter  sequences,  or  other  forms  of  more          ^^^| 
^H         or  less  couscious  incorporation  with  existing  neural  paths  may          ^^^| 
^1          be  brought  into  action  if  there  is  time  enough.     If  thishypothe-          ^^^| 
^M          sis  is  true,  the  explanation  of  the  value  of  the  intervals  with         ^^H 
^M          the  nonsense  syllables  would  be  similar  to  that  given  for  asso-          ^^H 
^1          ciable  and  particularly  dyssociable  words.                                              ^^H 
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In  ihe  experiments  with  rests  between  readings  the  distri- 
bution of  errors  is,  omissions  79.3%,  insertions  17%,  and  mis- 
takcsof  order  3.7%.  The  two  subjects  (W.  T.  S.  aod  M.  S.) 
who  show  the  most  marked  effects  from  lengthening  rests  show 
also  at)  inverse  relation  between  omissions  and  insertions,  corre- 
sponding in  degree  with  that  noted  ahove.  The  third  subject 
(M.  A.  C.)  bad  only  one  per  cent,  of  mistakes  of  order.  His 
method  of  memorizing  seemed  to  be  to  lorm  a  visual  image  of 
the  whole  series  and  he  appears  to  have  forgotten  both  the 
syllabl«aiid  their  order  at  about  the  same  rate. 

VI. 

The  relation  of  these  experiments  to  those  of  others  has 
already  been  considered  in  Sections  II  and  III,  as  far  as  appara- 
tus and  technique  are  concerned;  but  there  remains  the  task  of 
dl■^cussing  brieOy  also  the  place  uf  the  probletus  and  results. 
The  possibility  of  such  iuvestigationsis  suggested  in  the  orderly 
procedure  employed  by  Ebbinghaus;  moreover,  he  made  the 
following  observations,  which  have  been  the  starting  point  for 
several  other  investigations  in  this  field.  In  a  series  of  experi- 
ments he  learned  12  syllable  series  on  one  day  and  then  re- 
learncd  the  same  series  ou  the  three  succeeding  days.  The 
average  number  of  readings  required  for  an  errorless  repetition 
was  17.5  the  first  day;  12,  the  second;  8.5.  the  third;  and  5. 
the  fourth,  lu  another  experiment  he  continued  reading  and 
repeatioK  12  syllable  scries  longer  than  was  necessarj*  for  the 
Erst  errorless  repetition,  in  fact  tilt  he  reached  a  number  about 
four  times  as  great,  that  is,  a  total  of  68.  On  relearning  the 
series  after  24  hours,  he  found  that  he,  nevertheless,  needed  7 
readings.  On  comparing  the  two  facts  it  is  found  that  the 
final  relearuiug  in  the  first  case  was  preceded  by  38  readings 
and  repetitious,  distributed  over  three  days;  iu  the  second,  by 
68  taken  all  on  the  day  before.  This  appears  to  be  the  first 
obserration  on  the  value  of  rests  between  readings  of  series  of 
syllables. 

On  the  value  o(  inten'als  between  syllables,  the  first  obser- 
vation published  seems  to  be  that  by  Miss  T.  L.  Smith  iu  her 
study  of  "Muscular  Memory."  though  perhaps  intervals  be- 
tween readings  as  well  as  syllables  are  included.  In  these  ex- 
periments ten  syllable  .series  were  exposed  10  view  for  twenty 
seconds  for  the  subject  to  study,  immediately  after  which  he 
was  given  70  seconds  to  record  what  he  could  recollect.  The 
subjects  were  at  liberty  to  read  at  whatever  rate  they  pleased 
and  they  selected  quite  different  rates,  one  reading  the  series 
through  once  or  twice,  another  four  or  five  limes,  the  rest  being 
between  these  extremes.  The  subjects  that  read  most  slowly 
were  found  to  have  made  the  best  records.    This  might  be  due 
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to  personal  differences  in  retenriveness,  though  there  is  consid- 
erable probability  that  the  difference  in  ratecontributed  largely 
to  the  result. 

With  regard  to  the  effect  of  variations  in  the  exposure  of 
syllables,  the  apparatns  so  far  employed  by  others  has  not  per- 
mitted accurate  experiment ation.  since  changes  in  exposure 
have  also  involved  some  other  variables  as  well. 

On  other  aspects  of  the  problem  considerable  material  has 
accumulated.  Attempts  have  especially  been  made  to  study 
the  related  question  of  economy  iu  memorii^iDg.  Thus,  Kb- 
bingbaus  reports  experiments  in  which  he  memorized  stanzas 
of  Schiller's  translation  of  the /Eneid  at  the  rate  of  200,  150, 
I30,  and  100  iambics  per  minute,  and  found  he  learned  the 
same  miruber  of  lines  in  138,  148,  160  and  180  second."!,  re- 
speclively.  which  shows  that  the  amount  of  time  required  was 
inversely  as  the  speed.  On  releaniing  these  lines,  presumably 
at  a  single  rate,  twenty-four  hours  later,  he  found  that  90,  S9, 96, 
and  99  seconds  were  required,  which  shows  with  regard  to  the 
permanence  a  slight  difference  in  favor  of  the  more  rapid  rates. 
The  question  of  economy  would,  of  course,  also  require  the 
consideration  of  the  degree  of  exhaustion  produced  by  the  dif- 
ferent rates ;  and  from  this  point  of  view  the  more  rapid  rates 
might  not  be  preferable.  It  will  be  obscr^'ed  that  a  greater 
number  of  repetitions  is  required  with  the  rapid  than  with  the 
slow  rates  to  accomplish  the  same  result.  Wherefore  we  may 
infer  a  general  correspondence  with  the  results  reported  in  this 
paper,  since  repetitions  at  a  slower  rate  have  greater  value. 
However,  there  may  be  a  still  more  intimate  correspondence 
with  the  results  for  the  acquisition  of  easily  associable  material 
discussed  in  Section  IV.  The  intervals  from  the  beginning  of 
one  to  the  beginning  of  the  next  iambic  were  .3.  .4,  .5,  and  .6 
seconds  respectively  for  the  different  rates.  The  number  of 
rejietiiions  of  the  lines  at  the  respective  rales  is  therefore  pro- 
portionate to  46,  37,  32,  and  50.  If  we  assume  that,  when 
the  lines  are  learned,  that  they  are  learned  to  the  .same  extent 
with  each  rate,  then  the  associative  value  that  must  be  assigned 
to  each  interval  ts  neaity  proportional  to  the  logarithm  uf  the 
iaterval,  the  products  of  the  number  of  repetitions  and  the 
logarithms  of  the  intervals  being  proportional  to  219.  224,  224, 
and  233.  This  fact  suggests  a  correspondence  with  the  law 
stated  in  Section  IV,  that  the  rate  of  acquisition  varies  as  the 
logarithm  of  the  intervals  between  the  items  of  easily  associable 
material,  and  thus  extends  its  application  to  other  material  and 
at  the  same  time  makes  it  somewhat  probable  that  it  is  true 
not  simply  for  one  single  repetition,  as  in  the  experiments  of 
Table  tV,  but  also  of  a  considerable  number  of  repetitions,  as 
in  these  experiments  of  £bbiogbau5. 
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The  experiments  of  Jost  deal  with  the  ralae  of  the  distribti- 
tioDf  of  reftdlngs  and  repetitions  in  roemoriziog,  the  problem 
proposed  by  the  early  obaervaticns  of  Ebbiogfaatu,  which  Jost's 
results  io  part  serve  to  confirm  and  in  part  to  extend.  He 
makes  use  of  two  methods,  at  first  the  complete  memoriztng, 
then  the  right  associates  method,  and  finally  the  ivro  in  con- 
junction, thus  obtaining  records  whose  difference  makes  the 
point  of  chief  interest  in  the  paper.  By  the  complete  memo- 
rizing method  be  finds  with  two  subjects  that  ten  readings  of 
nonsense  syllable  series  on  each  of  three  successive  days  makes 
the  memorizing  of  the  series  on  the  fourth  day  easier  than  do 
thirty  readings  on  the  day  immediately  preceding,  though  the 
difference  is  small.  By  the  right  associates  method  he  finds 
with  two  subjects,  when  twenty-four  repetitions  arc  distributed 
equally  on  3,  6  and  13  days  respectively,  that  the  most  extended 
distribution,  that  of  two  repetitions  a  day,  gives  the  best  re- 
salts.  He  formulates  and  would  explain  his  own  results,  and 
the  corresponding  results  of  Ehbinghaus  as  well,  by  the  law 
that  the  repetition  of  an  old  has  relatively  a  greater  effect  tbau 
the  repetition  of  a  young  association.  The  possibility  of  ap- 
plying Just's  formula  in  the  case  of  our  results  bos  already 
been  considered  in  section  V. 

With  the  complete  memorizing  method  in  the  study  of  these 
and  many  other  problems  a  repetition  of  old  associations  is  in- 
volved in  the  final  lest,  which  is  not  the  case  with  the  method 
of  right  associates,  for  here  the  subject  is  merely  called  upon  to 
reproduce  aiisociatcs.  If  both  methods  are  employed  together 
to  test  memory  for  series  learned  a  longer  or  shorter  time  ago, 
the  complete  memorizing  should,  according  to  the  law,  give 
relatively  better  records  with  the  older  scries,  an  hypothesis 
which  experimental  results  from  two  subjects  verify.  The  dif- 
ference in  the  results  by  the  two  methods  could  be  explained 
by  Jost's  law,  but  al.so  by  the  hypothesis  that  it  was  due,  not 
to  the  greater  value  of  repetitions  of  old  associations,  but  rather 
to  a  more  rapid  decrease  of  the  voluntary  revivability  of  the 
syllables,  which  is  the  thing  tested  by  the  method  of  right  as- 
sociates, than  of  retentiveness.  It  is  a  matter  of  common  ex- 
perience that  the  ability  to  revive,  or  recall,  disappears  quickly 
and  long  Ijcfore  other  evidences  of  some  degree  of  retention, 
such  as  the  atulity  to  recognize  the  object  if  it  is  brought  up  in 
aomeother  way;  and  Miiller  and  Pjlzecker  have  shown  that, 
when  the  same  number  of  right  associates  arc  recalled  in  the 
case  of  older  and  more  recently  learned  series,  a  longer  time  is 
required  with  the  older,  indicating  greater  difficulty.  One 
other  thing  should  benoted.  Jost  deals  only  with  re.<it5  between 
readings  of  series;  but  the  effect  of  longer  btervals  between 
syllables  seems  to  be  the  same  as  that  of  longer  rests.     If  the 
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efTect  is  dttc  to  the  greater  elaboration  of  the  same  process  in 
both  cases,  which  is  not  certain,  but  seems  probable,  then  we 
have  in  experiments  of  Section  JV  such  favorable  results  as 
Jost  believed  to  be  due  to  the  repetition  of  old  associations  in 
a  case  which  involves  no  repetition  of  old  associations,  but 
merely  a  longer  time  for  assimilation. 

The  part  of  the  work  of  Lottie  Steffens  which  especially  con- 
cerns our  problems  consists  of  some  experiments  on  the  effect 
of  different  distributions  of  six  readings  within  the  same  period 
of  time.  The  series  were  read  from  a  drum,  which  revolved 
12  times  in  78  seconds.  The  most  expanded  distribution  of 
the  series  was  obtained  by  reading  tbem  every  other  revolution 
of  the  drum  ;  the  next  grade,  by  having  three  readings,  then 
an  interval  of  three  revolutions,  then  three  readings  and  again 
an  inter^-al  of  three  revolutions;  the  last  grade,  by  having  all 
six  readings  at  first,  then  an  interval  of  six  revolutions.  It 
will  be  observed  that  the  readings,  except  in  the  first  case,  are 
more  or  less  massed,  which  leads  Miss  5teSeos  to  introduce  the 
following  explanation  of  the  better  results  she  obtains  with 
the  more  widely  distributed  order.  In  proportion  as  the  read- 
ings are  massed,  the  strength  of  the  associations  for  the  time 
being  is  greater;  but  the  stronger  the  associations  the  greater 
is  the  absolute  loss  of  strength  by  the  time  the  series  in  these 
experiments  were  to  be  completely  memorized.  Since,  accord- 
ing to  Ebbiughaus.  the  loss  is  proportional  to  the  number  of 
readings,  the  resultant  of  massing  six  readings  at  tbe  ticgin- 
ning  is  to  make  the  foundation  for  the  complete  memorizing  of 
the  scries  not  .so  strong  as  in  the  other  cases.  This  explana- 
tion would  apply  with  such  an  arrangement  of  readings  as  la 
employed  by  Miss  Steflens,  that  is,  with  the  massed  readings 
placed  at  the  beginning  of  the  period  ;  but  it  would  not  apply 
when  the  massed  readings  are  placed  at  the  end,  as  in  the  case 
of  the  experiments  of  Ebbinghaus  and  Jost,  in  which,  never- 
theless, the  expanded  distribution  proved  more  advantageous. 
If,  on  the  other  hand,  the  loss  of  strength  were  relatively 
greater  to  a  sufficient  extent  with  the  massed  than  the  dis- 
tributed readings,  this  type  of  explanation  might  be  gener- 
ally valid;  bm  of  this  there  is  no  certain  evidence,  since  in 
experiments  which  might  give  information  on  this  point  there 
b  always  the  ver>'  probable  alternative,  as  an  explanation  of 
the  differences  observed  in  favor  of  the  distributed  readings, 
that  the  later  numbers  of  massed  readings  du  nut  have  so  great 
a  value  as  the  earlier. 

Ogdcn  deals  directly  with  the  problems  nndcr  constderfttion, 
Uis  work  comprises  six  parts,  the  first  four  dealing  with  mem- 
orizing nonsense  syllables,  the  last  two  with  memorizing 
poetry.     The  apparatus  employed  was  similar  to  that  of  Miiller 
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and  Schumann,  the  syllables  being  presented  back  of  an  aper* 
tnre  by  a  kymograph  drum.  The  different  rates  were  obtained 
by  changing  the  rate  of  rotation  of  the  drum  and  in  experiments 
with  constaDt  intervals  between  readings,  partly  by  spacing  the 
syllables.  Observations  on  var>'ing  exposure  and  rests  between 
readings  were  inconclusive,  zs  other  variables  entered  in.  The 
chief  groups  of  experiments  deal  with  the  effect  of  varying  the 
interval  between  wllablcs.  In  the  first  group,  the  time  from 
syllable  to  syllable  varied  from  3.6  to  .9  seconds;  in  the  second, 
from  1.026  to  .325.  each  in  five  successive  steps.  The  expo- 
sure varied  simultaneously  tn  both  sets  from  .705  to  .289  seconds, 
the  rests  between  readingsremalnlngconstantat2.8.  Of  these 
two  variables,  that  which  affects  tbe  result  the  most  is  proba- 
bly the  rate  of  succession.  To  ascertain  the  effect  of  the  dif- 
ferent rates  up<in  the  permanence  of  the  impressions  as  well  as 
upon  learning  in  the  first  instance,  the  series  were  relearued, 
usually  after  fourteen  days:  a  difference  in  this  respect  was, 
however,  not  clearly  demonstrable.  The  most  general  result 
is  that  with  the  quicker  rates  more  readings  are  required  but 
not  so  many  but  that  the  series  may  be  learned  in  less  time 
than  with  the  stow*er.  Tbus  subject  K  required  from  13  to  20 
and  from  7  to  15  readings,  respectively,  in  two  experiments  in 
which  the  intervals  varied  from  2.6  to  .9;  and  from  13  to  33, 
rcipectively.  when  the  rate  varied  from  1.026  to  .325.  How- 
ever, the  total  time  required  shortened  from  394  to  263  and 
from  223  to  200  and  from  314  to  215. 

Hphrussi's  investigations  fall  into  two  divisions,  the  first 
dealing  with  learning  by  whole  or  part,  the  second  with  the 
effect  of  variation  in  the  rate  of  memorizing.  Ebbinghaus'  ex- 
periments upon  the  effect  of  varying  the  rate  of  learning  verses 
of  Schiller's  translation  of  the  ./^ueid  is  repeated  with  three 
subjects  and  with  results  that  agree  roughly  with  his.  How- 
ever, the  most  interesting  fact  brought  out  by  Ephmssi's 
work  is  what  he  calls  the  paradoxical  result,  namely,  that  the 
right  associates  method  gives  the  best  records  with  the  slowest 
rate,  while  the  complete  memorizing  method  does  the  reverse, 
in  tests  with  nonsense  syllables.  Series  of  syllables  were  read 
at  different  rates  for  a  given  period,  at  the  end  of  which  some 
were  memorized  and  some  were  tested  by  the  method  of  right 
associates.  It  is  in  this  experiment  that  the  paradoxical  re- 
sult appears,  for  the  series  arc  memorized  more  easily  but  give 
less  right  associates  after  the  rapid  readings.  Tbe  chief  reason 
assigned  is  one  he  verifies  experimentally,  namely,  that  the  de- 
crease of  the  number  of  right  associates  takes  place  more 
quickly  after  the  rapid  than  the  slow  readings.  The  complete 
memorizing  is  done  by  continuing  the  readings  of  the  prepara- 
tory period,  while  an  interval  of  five  minutes  occurs  before  the 
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test  for  the  right  associates,  which  would  permit  the  more 
rapid  reduction  succeediug  the  quicker  rate  to  produce  the 
paradoxical  result.  The  difTerence  in  results  with  these  two 
methods  by  both  Ephrussi  and  Jost  gives  a  glimpse  of  a  greater 
complexity  and  independence  of  processes  than  might  at  first 
be  supposed  to  exist. 

Ephrussi  employed  the  kymograph  apparatus  of  Miiller  and 
Schumann,  but  in  the  more  recent  experiments  of  Reuther  at 
Leipzig  a  new  type  of  apparatus,  that  developed  by  Randsburg 
and  Wirth  is  brought  into  use.  As  was  stated  in  the  discussion 
of  apparatus,  the  syllable  is  presented  in  this  not  by  a  continu- 
ous but  by  a  step-wise  motion  of  the  disc  or  drum,  resembling 
that  used  iu  our  experiments,  except  that  it  does  not  have 
means  for  the  independent  variation  of  the  exposure  and  the 
rests  between  readings.  Thus,  in  his  experiments  upou  "  the 
amonnc  retained  as  a  function  of  the  duration  of  exposure," 
be  does  not  refer  to  a  study  of  the  effect  of  varying  the  expo- 
sure of  a  syllable  while  the  interval  between  syllables  remains 
constant,  as  iu  our  experiments.  This  experiment  of  bis  cor- 
responds rather  with  our  experiment  upon  the  effect  of  diff'er- 
ent  intervals  between  syllables.  For  his  items  are  written  on 
every  other  sector  of  the  Wirth  anp«ratns.  which  moves  for- 
ward uniformly  a  sector  at  a  time.  By  exposure  be  means  the 
time  a  sector  bearing  a  number  is  present  bock  of  the  aper- 
ture. This  is  followed  by  an  empty  sector,  which  remains  the 
same  length  of  time,  to  be  in  turn  succeeded  by  another  num- 
ber, his  " Expositionsdau^r"  being  thus  equivalent  to  one-balf 
of  the  interval  between  the  numbers.  He  thus  has  two  vari- 
ables, of  which  the  total  interval  between  the  nnmbeTs  is  doubt- 
less the  more  important.  His  experiment  does  not  wholly 
correspond  with  onrs,  since  in  ours  the  exposure  is  kept  con- 
stant. The  tola!  intervals  employed  by  Reuther  were  from  one- 
half  to  three  seconds  in  length,  with  five  intermediates  between 
the  extremes.  Two  of  bis  three  subjects  show  that  the  length- 
ening of  the  interval  is  advantageou.s;  with  the  third,  the 
effect  is  not  so  definite  as  he  has  at  6rst  better  then  poorer 
records,  with  the  optimum  at  one  second. 

The  memory  material  and  the  methods  must  be  kept  In 
mind  in  comparing  these  rtsults  with  others.  The  items  were 
lour  place  numbers,  which  were  read  one  or  more  times  and 
then  shown  to  the  subject  again  with  the  reqnirement  that  he 
should  indicate  which  ones  he  recognized  as  having  seen  before. 
The  intervals  between  reading  and  opportunity  for  recognition 
was  in  this  case  five  minutes. 

With  similar  materials  and  methods,  Reuther  also  made  ex- 
periments witb  two  subjects  upon  the  rest  period  between 
readings,  which  corresponds  witb  the  last  of  our  experiments. 
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The  rests  he  employed  were  4  seconds  and  i ,  3,  and  j  miautes. 
There  is  a  slight  indication  that  there  is  a  critical  period  up  to 
which  the  rests  are  iDcreasiogly  beneficial  and  beyond  which 
this  advantage  diminishes.  Such  a  critical  point  has  not  1>een 
obticrved  in  other  experiments,  though  rests  have  been  made 
very  long,  as  in  the  case  of  Jost's  experiment  in  which  24  read- 
ing;s  were  distributed  over  12  days  and  the  widest  distribution, 
that  of  two  a  day ,  found  to  be  the  best. 

VII. 

Even  with  the  sinipH6catton  introduced  by  experimental 
conditions,  the  problem  is  evidently  complex;  and  it  is  desira- 
ble, as  far  as  wc  can  do  so,  to  attempt  to  ascertain  the  relative 
scope  of  the  different  factors  involved.  As  to  what  they  are.  as 
the  historical  survey  shows,  several  theories  have  been  pro- 
posed,  usually  to  account  for  certain  experimental  results,  and 
so  often  not  adequate  for  all.  If  true,  they  cannot  all  be  com- 
plete but  will  rather  be  supplementary.  The  different  factors 
snguested  by  these  theories  and  by  other  possible  explanations 
may  be  classified  into  four  groups;  first,  conditions  aiding  or 
obstructing  the  reception  and  association  of  the  impression; 
which  we  will  call  the  apperceptive  factor;  second,  changes  and 
relative  variations  in  retention;  third,  modi6cat)ons  in  the  re- 
calling of  impressions;  fourth,  general  conditions,  such  as 
fatigue  or  a  general  organizing  activity. 

As  has  been  staled  with  some  detail  in  Sections  IV  and  V,  it 
is  the  first  of  these  faclors,  the  apperceptive,  that  seems  esi>e- 
ciallyconcemed  in  the  productiouoftheresults  here  represented. 
The  material  which  consisted  of  simple  letters,  noosense  sylla- 
bles, dissociable  and  associable  words,  makes  a  series  of  in* 
creasing  apperceptive  complexity.  The  relative  ease  with 
which  these  can  be  memorized  and  the  effect  of  the  varying 
intervals  seems  to  be  proportional  to  the  amount  of  appercep- 
tive apprehension  of  the  material  and  its  connections.  Even  in 
the  case  of  the  letters  and  nonsense  syllables,  some  evidence 
was  given  that  the  advantage  of  lunger  intervals  was  due  to 
associative  processes.  While  general  vigor  and  fatigue  may 
make  the  neural  disposition  more  or  less  strong,  they  certainly 
in  large  part  bring  about  the  results  they  do  have  by  extending 
or  restricting  apperceptive  processes.  The  persistence  of  an 
impression,  or  its  tendency  to  maintain  itself  in  consciousness 
for  a  time,  is  also  a  more  or  less  automatic  activity  that  must 
be  taken  into  account,  as  must  also  the  supplementary  volun- 
tary attention  to  the  impression.  One  effect  of  both  of  these 
processes  is  to  vary  the  degree  of  apperception.  Whether 
there  is  any  fiirlher  effect,  as  far  as  memory  is  concerned,  can 
probably  neither  be  asserted  nor  denied,  at  present. 
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That  marked  changes  in  the  retention  of  an  impression  occur 
as  the  interval  between  its  reception  and  reproduction  increases, 
is  well  known,  the  most  general  feature  being  represented  by 
Kbbingbaus  taw  of  inverse  logarithmic  decrease  of  strength. 
As  has  already  been  stated,  Jost,  Sieffens,  and  Ephrussi  would 
explain  someresnlts  in  this  field  by  making  certain  hypotheses 
as  to  changes  in  retention.  Some  objections  to  the  application 
of  Jost's  law  to  our  results  have  already  been  stated;  but  it 
may  very  well  be  required  that  the  explauatiou  preferred  should 
be  tested  by  his  results  upon  the  effect  of  difiercnt  dihtribu- 
tions  of  readings,  as  well  as  by  our  own.  The  same  may  be 
said  of  the  theory  of  Steffcns.  The  nnderlying  premise  of  both 
these  explanations,  that  readings  or  repetitions,  whatever  their 
number,  up  to  a  L-ertain  limit,  which  in  their  experiments  need 
not  exceed  the  number  necessary  for  the  £rst  perfect  repetition, 
have  an  equal,  or  nearly  equal,  value,  is,  as  far  as  they  have 
been  tested,  the  least  certain  of  the  original  results  of  Ebbing- 
haus.  Each  reading  may.  in  fact,  have  a  decidedly  greater 
value,  if  it  is  well  spaced  off  from  others,  than  if  it  is  one  of  a 
considerable  number  made  in  immediate  succession,  primarily 
because  a  higher  degree  of  assimilation  could  take  place  each 
time.  The  interpretation  of  the  results  presented  in  this  paper 
would  imply  that  this  is  the  fact. 

On  the  other  hand,  that  changes  in  retention  or  recall  are 
the  cause  of  the  differences  in  the  results  obtained  by  Jost  and 
Ephrussi  in  the  ^muUaneous  use  of  the  complete  memorizing 
aod  right  associates  methods  described  in  Section  IV  seems 
probable.  At  least,  these  differences  develop  with  the  length- 
ening of  the  time  between  the  impression  and  its  reproduction; 
and  in  the  case  of  the  results  of  Jost,  if  his  hypothesis  of  the 
relatively  greater  value  of  the  repetition  of  old  than  young 
associations  be  regarded  as  improbable,  the  effect  should  per- 
haps rather  be  ascribed,  as  was  suggested,  to  a  modification  of 
reprodnction  than  retention.  With  regard  to  the  observation 
of  Ephrussi  that  the  right  associates  decreased  more  rapidly 
with  time  if  the  series  were  read  at  a  rapid  rate,  a  plausible 
explanation  would  connect  this  also  with  changes  in  retention 
or  recall,  namely,  that  a  qualitative  difference  was  produced 
by  slow  and  fast  rates,  so  that  in  the  first  case  there  was  more 
of  an  incorporation  with  old  and  permanent  associations  while 
in  the  second  it  was  more  a  matter  of  immediate  sense  memory, 
which  would  disappear  much  more  rapidly.  While  the  results 
observed  would  be  primarily  due  to  differences  in  the  degree  of 
apperception,  the  immediate  cause  would  be  the  relative  differ- 
ence in  the  retention,  or  rate  of  forgetting.  However,  what 
the  effects  of  different  rates  upon  retentioti  may  be,  is  not 
wholly  clear,  for  the  few  results  of  other  investigators  are  not 
conclusive  regarding  this  point. 
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The  influence  of  possible  modifications  iu  the  process  of  re* 
call  ba\'e  apparently  not  been  considered  in  the  various  theories 
regarding  the  eSect  of  rate  in  memorizing.  As  has  been  sug- 
gested, snch  a  modification  may  account  for  certain  results. 

In  still  another  way  the  reproducing  processes  may  play  a 
part.  Miss  Smith  has  shown  that  repressing  or  executing  the 
verbal  or  manual  expression  of  the  ideas  to  be  memorized  will 

? reduce  a  difference  of  15  to  20%  in  favor  of  the  expression, 
'his  expression,  which  may  be  regarded  as  the  first  recall  or 
reproduction,  comes  last  in  reading;  and  may,  with  rapid  rates, 
be  partly  repressed,  leaving  the  reproducing  tendencies  unde- 
veloped and  having  an  effect  comparable  with  that  found  by 
Miss  Smith  with  voluntary  repression.  Definite  observations 
as  to  the  iufluence  of  this  factor  have  not  been  made,  and  it  is 
proposed  merely  as  one  possibly  present  in  var>ing  degrees  with 
the  rapid  rates,  and  sen'ing  not  merely  to  create  a  dtspasition 
to  recall,  but  also  to  keep  the  idea  present  for  more  complete 
apperception. 

With  regard  to  the  theory  of  the  existence  of  a  more  or  less 
unconscious  organizing  process  continuing  some  time  after  the 
impression  has  been  received  and  nece.ssary  for  its  permanence 
and  revivability,  our  results  afford  some  evidence.  Our  sub- 
jects were  reque.*ited  to  read  the  syllables  when  presented,  but 
to  avoid  voluntarily  recalling  them,  however  much  time  might 
be  at  their  disposal  for  so  doing.  In  experiments  of  Table  V 
two  subjects  employed  devices  to  distract  the  atteation  durinjf 
the  periods  of  rest.  The  fact  that  the  inflnencc  of  longer  inter- 
vals and  rests  is,  nevertheless,  very  marked,  makes  it  somewhat 
probable  that  the  proce.<eKS  involved,  except  in  their  incepiion, 
are  automatic.  With  regard  to  their  continuance  and  def»end- 
euce  upon  attention,  we  must  note  that  the  rapid  displacement 
of  one  impression  by  the  next  interferes  greatly  with  memo- 
rizing ;  the  ofgaiiizalinn  would,  therefore,  seem  to  take  place 
chiefly,  perhaps  wholly,  while  nothing  else  in  the  shape  of  a 
definite  impression  was  before  the  mind,  though  there  can  be 
general  distraction.  The  variation  of  the  results  throughout 
with  the  degree  of  possible  apperceptiou  suggests  that  it  is  this 
mode  of  organization  that  is  taking  place.  The  mode  of  organ- 
ization might,  of  course,  be  of  a  wholly  different  character, 
perhaps  not  associative  at  all,  but  rather  like  the  setting  of 
cement  or  the  adaptation  of  a  plant  to  a  certain  cur\'ature, 
which  would  also  vary  with  the  lime  allotted.  But,  however 
much  such  figures  may  be  used  in  regard  to  the  operations  of 
memory,  no  definite  evidence  has  yet  been  presented  that  such 
processes  take  place. 

That  fatigue,  in  its  triple  character  of  auto-intoxication  and 
reduced  cell  energy  and  nervous  tension,  may  greatly  afiecC 
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memorizing  ability  is  certain  ;  and  it  lias  probably  more  gen- 
erally than  anything  else  been  supposed  to  be  the  explanation 
of  the  difference  in  value  of  the  massed  and  widely  distributed 
readings.  It  is  necessary  to  distinguish  from  fatigue  obstruc- 
tions lesulting  from  the  limits  of  the  memory  span,  from  the 
persistence  of  impressions  or  the  interference  of  associations, 
or  from  adaptation,  or  from  other  normal  processes  of  the 
mind.  Whcu  this  is  done,  the  explanatory  value  of  fatigue 
will  be  found  to  be  quite  limited.  In  these  experiments  the 
effects  of  general  fatigue  were  counteracted,  as  far  as  the  aver- 
ages are  concerned,  by  the  programme  of  work  ;  and  that  it 
should  seriously  enter  into  the  results  of  a  single  record,  does 
not  seem  probable,  especially  since  other  clearly  efficient  factors 
are  in  evidence. 

In  so  far  as  these  experiments  bring  us  into  a  closer  view  of 
the  general,  practical  problems  involved,  they  serve  especially 
to  emphasize  the  predominant  importance  of  apperception  in 
memorjzini;  and  the  value  of  sufficient  time  for  its  development. 

The  number  and  intensity,  and  so  permanence  and  revlva- 
bility,  of  the  associatious  formed  may  be  regarded  as  a  quan- 
tity; and  a  solution  of  the  problem  of  time  economy  in  mem- 
orizing may  be  attempted  with  the  aid  of  the  formula  for  the 
rate  of  acquisition,  proj-oscd  in  Section  IV,  and  from  other 
data.  The  general  statement  of  the  problem  will  be,  through 
what  meaus  can  the  greatest  amount  of  apperception  of  mate- 
rial take  place  in  a  given  time:  though  only  the  effect  uf  a 
greater  or  less  number  of  repetitions  will  be  considered.  The 
amount  of  apperception  is  a  function  of  the  interval  between 
Items  and  also  of  the  number  of  repetitions;  and  if  it  varied 
directly  and  equally  with  each,  there  would  be  compensation 
so  that  the  result  of  any  practicable  number  of  repetitions  in  a 
given  lime  wimld  be  the  same  as  that  of  any  other,  since  the 
intervals  and  repetitions  vary  inversely.  As  a  matter  of  &ct, 
•PI>crccption  appears  to  vary  as  the  logarithm  of  the  interval; 
and,  if  we  assume  that  it  continues  to  vary  at  the  same  time  in 
simple  ratio  with  the  repetitions,  it  will  be  greater  in  amount 
the  more  numerous  the  repetitions,  within  certain  limiLs.  If 
n,  -f,  j.  represent  the  number  of  repetitions  in  a  gii'en  time,  t. 
3t,  3t  will  be  the  corresponding  intervals,  and  the  amounts  of 
apperception  will  be  proportionate  to  n  (log.  t),  -f  (log.  at), 
and  I  (log.  3t)  etc.,  quantities  which  decrease  rapidly  at  first 
tben  more  slowly. 

It  is  conceivable  that  the  value  of  successful  repetitions 
would  so  change  as  to  compensate  more  or  less  for  the  rela- 
tively greater  effect  of  the  shorter  intervals,  but  there  is  no  evi- 
dence that  this  occurs  completely,  but  rather  evidence  to  the 
contrary,  as  has  been  indicated  in  the  review  of  the  investiga- 
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tioos  dealing  with  this  problem ;  so  that  on  the  whole  it  is  prob- 
ably possible  to  memorize  more  quickly  with  the  more  rapid 
repetitions. 

Nevertheless,  there  is  great  difference  in  the  relative  value 
of  re]>etitions  and  iutervals  with  different  kinds  of  materials 
and  also  with  different  tyjies  of  memory,  so  that  a  high  degree 
of  uniformity  in  this  respect  cannot  be  expected. 
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THE  INITIAL  TENDENCY  IN  IDEAL  REVIVAL. 


By  FSLix  \jLNOU3,  Fa.  D. 


The  qncstion  concerning  the  direction  in  which  the  tendency 
towards  reproduction  in  memory  realizes  itself,  has  received 
rather  scant  attention,  the  general  opintoa  being  that  memory 
runs  la  a  forward  and  not  ia  a  backward  direction.  This  idea 
of  serial  revival  is,  moreover,  closely  connected  with  an  atom- 
istic conception  of  consciousness,  which  conception  has  greatly 
influeoced  discussion  and  experiment  in  this  connection.  Now 
the  atomistic  conception  of  consciousness,  that,  because  ideas 
are  revived  in  a  series,  therefore,  they  exist  serially  in  con- 
sciousness, has  greatly  influenced  the  various  points  of  view 
when  the  question  of  the  direction  of  revival  in  memory  has 
been  in  question.  I  have  collected  a  number  of  data  with  the 
sole  purpose  of  delermiuiug  this  order  of  revival,  and  have 
attempted  to  infer  certain  conditions  which,  it  seems  to  me, 
must  exist,  if  the  Icind  of  revival  occurring  is  to  be  explained. 
Before,  however,  presenting  my  small  contribution  in  this  con- 
nection, I  have  thought  it  ad\*isable  to  present  the  atomistic 
views  so  ably  given  by  Hartley  and  Herbart  (two  mountain 
peaks  among  early  psycbolofjists),  and  also  tlie  more  modem 
work  done  by  Kbhinghaus,  Miiller  and  Schumann  and  Miiller 
and  Pilzecker,  on  the  problem  of  the  'iniiiale  Reprodudionsten- 
dau.' 

I. 

Thongb  Hartley  may  be  considered  as  the  founder  of  Eng- 
lish associationist  psycholofjy.  and  somewhat  'out  of  date,"  still 
in  certain  parts  of  his  remarkable  work,  he  offers  us  the  closest 
kind  of  psychological  analysis.  His  cerebral  explanations  are 
somewhat  old-fashioned  and  impossible  from  a  purely  physio- 
logical point  of  view,  and  one  who  reads  his  Observations  may 
tend  to  the  belief  that  the  psychological  analyses  are  equally 
infirm  and  old.  As  far  as  I  am  concerned  with  Hartley  at 
present,  I  shall  only  give  his  reasons  for  the  existence  of  a 
forward  and  not  a  backward  revival  in  memory. 

As  every  one  knows.  Hartley  tries  to  explain  all  manner  of 
mental  connection,  development  and  growth,  by  as.suciation. 
In  any  serial  revival  this  same  principle  is  called  in  to  show 
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wby  the  directioD  is  alway.^  forwaiH,  the  explanation  beiog 
given  in  cerebral  terms.     Any  series  of  impressions 


A.  ff.  C. 


etc 


will  give  rise  to  the  successiou  of  ideas. 

a,    i,    f,     etc. 

and  in  the  samt  order.  For,  "the  successive  impressions  ofv4 
and  B  sufficiently  repeated,  will  so  alter  the  medullary  sub- 
stance, as  that  when  A  is  impressed  alone,  its  latter  part  shall 
not  be  snch  as  the  sole  impression  of  A  requires,  but  lean 
towards  B,  and  end  in  b  at  last.  But  B  will  not  exdte  a  in  a 
retrograde  manner,  since,  by  supposition,  the  latter  part  of  ^ 
was  not  modified  and  altered  by  A,  but  by  some  other  vibra- 
tion, such  as  Cot  D.  And  as  B,  by  being  followed  by  C,  may 
at  last  raise  e,  so  b,  when  raised  by  A,  in  the  method  here  pro- 
posed, miiy  lie  also  sufficient  to  raise  r.  ...  It  seems  also. 
that  the  influence  of  A  may,  in  some  de^ee.  reach  through  B 
to  C;  so  that  A  of  itself  may  have  some  effect  to  raise  £,  as  well 
as  by  meaus  of  i.  However,  it  is  evident  that  this  chain  must 
break  off,  at  last,  in  long  successions,  and  that  sooner  or  later, 
according  to  the  number  and  vigor  of  the  repeated  impres- 
sions. ' ' '  This  is  a  cerebral  explanation  of  forward  succession, 
and  has  in  it  the  implication  of  the  doctrine  of  relativity.  It 
also  presents  for  the  first  time  the  question  of  'mediate'  asso- 
ciation. 

A  similar  conclusion  concerning  the  direction  of  mental  re- 
vival is  reached  by  Herbart.     In  any  series  of  ideas. 


a,    h,    c,    d, 


etc. 


as  It  is  followed  by  b  it  is  closer  to  b  than  to  c  which  forces  b 
below  the  threshold  of  consciousness,  as  6  forces  a  below.  And 
so  on  with  the  rest  of  the  series.  Graphically  represented, 
when  d  is  in  cunsciousness.  the  other  ideas  are  in  the  following 
position,  their  position  from  one  another  indicating  the  close- 
ness of  the  connection : 


/ 


*  Observations  on  Man,  I,  69. 
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When,  by  removal  of  the  pressure  from  other  ideas,  or  because 
of  reinforcement,  a  has  once  more  a  chance  to  emerge,  it  does 
90  in  the  manner  represented  below,  dragging  with  it  in  order, 
those  most  closely  connected  with  it : 


\ 


"Bnl  the  series  never  runs  backward."  '  The  order  of  succes* 
aon  followed  in  presentation  is  preserved  in  revival. 

It  is  evident  that  with  this  atomistic  conception  of  conscious- 
ness, no  other  view  of  revival  is  possible.  Given  a  series  of 
ideas,  a,  b,  c,  d,  eic-  b  follows  a,  c  follows  b,  and  so  on.  Any 
initial  tendency  is  impossible.  How  on  earth  could  any  cou- 
nection  from  d  back  to  a  be  possible  without  a  hop.  skip 
and  jump  which  even  Herbart's  Meehanik  could  hardly  stand. 
In  such  a  series,  d  must  be  followed  b\-  e  if  there  is  to  be  order 
and  harmony  in  our  mental  universe.  At  least,  so  say  these 
psychologists.  I  do  not,  at  present,  wish  to  stand  for  any 
special  kind  of  revival.  But  it  seems  to  me  that  this  serial  re- 
vival has  led  to  a  wrong  conception  of  the  present  momeut  of 
consciousness.  The  revival  of  our  ideas  in  serial  order  does 
not  necessitate  our  coosciousuess  being  a  filled  cabinet,  out  of 
which  the  ideas  drop,  one  by  one,  any  more  than  the  spinning 
of  the  threads  by  a  spider  presupposes  two  spools  of  silk  rolled 
up  in  the  spinnerets.  I  shall  return  to  this  point  after  1  have 
presented  my  data  in  Part  II. 

Ebbinghaus  pursues  a  different  method  in  his  investigation 
of  memory,  in  the  course  of  which  he  touches  upon  the  direc- 
tion of  mental  succession  in  ideal  revival.  While  Ebbiugbaus 
does  not  establish  the  existence  of  an  actual  succession  in  a 
backward  direction,  still  be  tries  to  show  that  there  is  a  con- 
nection between  two  syllables  learned  which  facilitates  the 
process  of  remembering  when  the  same  series  is  learned  in  the 
reverse  order.     Thus,  after  having  learned  a  series  in  the  order, 


'».        '»r 


'U 1        'l*' 


more  time  was  saved  when  learning  the  series  in  the  order, 
'ui   'lit    '»«   •.-•■•    Ai     /»• 


>  7>jr/-A<w>*,  p.  83  (Ir.  by  M.  K.  Smith). 
JoniNAt— 6 
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than  when  learned  in  a  mixed  order,  thus  : 

*Vk%        «I4I        'Vi        •    •     •     •    Al         'it        -MSi        MJI 


.  .  /«     /.. 


Since,  in  tlie  second  series  12.4%  was  saved  in  the  time  re* 
quired  for  learning  the  series,  while  only  5<^  was  saved  Id 
the  time  for  learning  the  third  scries.  Ebbinghans  concludes 
"that  in  the  learning  of  a  series,  certain  connections  between 
the  members  is  formed  in  a  backward  as  well  as  in  a  forward 
direction."  " 

Against  this,  Miiller  and  Schumann  give  with  approval  the 
criticism  of  Miiosterberg  to  the  effect  that  when  we  learn  « 
scries  of  syllables,  the  visual  field  is  not  restricted  to  a  single 
syllable,  and  unconsciously,  in  glancing  at  the  syllables,  we 
form  such  backward  associations  as  will  account  for  the  differ- 
ence in  the  saving  of  time  Riven  by  Kbbiugbaus.  Miiller  and 
Schumann  avoided  this  difficulty  by  presenting  the  syllables  in 
isolation,  thus  minimizing  the  visual  concomitance.  They 
come,  however,  to  a  similar  conclusion.  The  syllables  were 
learned  in  trochaic  measure.  The  above  mentioned  investiga- 
tors found  that,  of  two  syllables  belonging  to  the  same  foot, 
the  second  one  tended  to  revive  the  first.'  They  alsoconcluded 
that  in  sucli  cases  we  may  explain  the  direction  of  succession 
not  only  as  a  backward  one,  but  also  as  a  tendency  to  revive 
the  whole  complex  in  its  original  serial  order.'  This  gives  us 
the  first  indication  of  any  'initial'  tendency  iu  ideal  revival. 

Now  it  is  evident  that  with  a  trochaic  measure,  the  question 
is  still  undecided  as  to  whether  such  revival  is  backward  or 
initial.  In  another  series  of  experiments,  Miiller  and  Pilzccker 
presented  evidence  in  favor  of  the  latter  tendency.  Instead  of 
using  a  trochaic  beat,  they  used  theanapestic  foot.  With  three 
syllables,  revival  of  the  second  upon  presentation  of  the  third, 
would  help  fasten  the  belief  iu  a  backward  association,  while 
revival  of  the  first  would  increase  our  belief  in  an  initial  tend- 
ency in  mental  reproduction.  The  results  of  their  experiments 
were  in  favor  of  the  initial  tendency.* 

U. 

In  the  series  of  tests  given  by  the  above  mentioned  investi- 
gators on  the  question  of  the  iuitial  tendency  in  serial  revival, 
it  seems  to  me  conditions  are,  in  this  special  case,  somewhat 
artificial.  In  the  first  place,  we  do  not,  in  the  natural  order  of 
events,  ^leak  in  nonsense  syllables,  with  the  accent  on  each 


1  Utber  das  GedMehinii,  %  40. 

*  Zfit.f.  Psych.  6 :  165. 

*  Ibid.,  6:309. 

*  Ibid.,  Er^iHx.  Band.  I,  Ch.  VI. 


THB   INITIAL  TBNDBNCY    IN   IDR&L   BBVIVAL. 


»43 


odd  or  third  one.  A^in,  anjr  possible  connection  and  devel* 
opmeat  of  the  serial  meaotDg  in  each  member  is  redoced  almost 
to  a  miiiimum.  and  there  remains  in  the  series  the  tendency  of 
the  members  to  exist  as  discrete  and  separate  units.  Of  course 
any  rhythm  or  body  attitude  taken  towards  each  member  in  the 
aeries  would  tend  to  give  them  a  serial  unity,  and  thus  would 
tend  to  give  them  serial  meaning  in  greater  or  less  degree. 
Finally,  it  is  rather  dilEcult  to  obtain  a  pure  series  of  syllables, 
I.  e.,  a  set  of  syllables  without  any  previous  connectians.  la 
the  various  connections  of  syllables,  it  is  possible  that  a  syllable 
which  prt-cedes  in  the  artificial  series,  may  have  been  previously 
associated  in  the  common  course  of  events,  as  a  succeeding 
syllable.  It  in  necessary  to  have  nonsense  syllables  if  we  use 
them  as  did  Ebbiughaus  and  the  others  for  the  purpose  of  de* 
termining  gain  of  time,  etc.,  when  learning  them  in  different 
orders.  But  I  think  it  hardly  necessar>'  to  use  nonsense  sylla- 
bles to  determine  whether  the  memory  runs  in  a  forward  or  a 
backward  direction,  or  whether  there  exists  an  initial  tendency 
or  not.  I  may,  of  course,  be  wrong,  but  I  think  that  if  we 
wish  to  find  out  how  a  person  remembers,  we  need  but  simply 
give  him  a  cue.  and  see  what  comes  into  his  mind  after  such 
cue,  restrictions  being  placed  as  to  the  topic  remembered.  The 
natural  order  of  mental  succession  caa  then  be  noted.  Care, 
however,  must  be  taken  to  get  the  very  first  ideas  arising  apoa 
presentation  of  the  cue.  and  precautions  must  also  be  taken  to 
deal  only  with  what  is  thoroughly  known  and  is  easy  of  recall. 
Where  there  is  a  halting  process,  X  venture  to  suggest  that  this 
is  not  memory  proper,  but  a  species  of  perception  mixed  with 
memory.  When  a  person  has  to  struggle  to  get  the  next  word 
in  a  scries,  each  word,  as  it  is  dragged  out,  acts  as  a  new  stim- 
ulus, as  an  actual  impression  inSuencing  further  revival.  In 
pure  memory,  the  process  ought  to  go  off  upon  presentation  of 
the  stimulus  alone.     It  ought  to  be  more  or  less  automatic. 

In  collecting  the  data  to  determine  the  presence  or  absence 
of  an  initial  tendency,  I  tested  a  clas.s  of  boys  in  the  sixth  year 
(second  half),  about  forty  in  number.  aveiaKiug  12  yeare  5 
months,  the  ages  varying  from  10  years  5  months  to  15  years 
5  months.  The  selection  which  I  used  was  a  poem  which  they 
had  already  memorized  for  regular  recitation  purposes,  and 
which  they  'knew'  fluently.  In  the  first  five  tests  given  below, 
1  selected  parts  of  this  poem,  no  emphasis  being  placed  upon 
the  rhythm,  the  natural  rhythm  alone  operating.  The  boys 
did  not  know  the  object  of  the  test.  I  emphasized  the  follow- 
ing points  before  beginning :  Upon  my  calling  out  a  word,  they 
were  to  write  down  the  very  first  words  of  the  part  chosen 
which  came  into  their  minds.  I  dwelt  upon  this  point,  and 
also  the  fact  that  everything  they  put  down  was  correct,  so 


«44 


AKNOLD : 


long  as  it  was  the  first  thing  which  arose,  and  so  long  as  it  be- 
longed to  the  part  of  the  selection  chosen  for  the  porposes  of 
the  test.  In  the  6r5t  test  I  asked  them  to  write  down  the  first 
word,  btJt  in  all  those  foUowtDg,  they  wrote  down  the  first 
three  or  fonr  words  arising  upon  presentation  of  the  cue. 

Before  giving  my  resalts,  it  may  be  advisable  distinctly  to 
state  the  meaning  of  the  terms  used  and  their  abbreviation. 
T^ /romward  tendency,  i.  e.,  one  going  straight  ahead  upon 
presentation  of  the  cue.     For  example,  in  the  lines, 

"Tfae  blessed  damoztl  leaned  ont 
From  the  gold  bv  of  HeaTca.'* 

when  given  the  cue,  *the,'  I  recalled  'the  gold  bar  of  Heaven,* 
sncb  revival  being /rtfmtt-07-«/ the  cue,  and  iu  a/cnrarrf  direc- 
tion. On  the  other  baud,  given  the  cue,  'leaned.'  I  recalled 
at  once  the  series  'The  blessed  damozel  leaned  out.'  This  lat- 
ter revival  illustrates  the  initial  tendency,  which  also  goes  In  a 
forward  direction  and  is  designated  by  I.  Both  tendencies  are 
in  7i  fonvard  direction,  though  the  one  \s  /romward,  the  other 
iniiial.  When,  in  the  tests  given,  no  words  n'ere  recalled,  or 
where  there  was  a  bait  due  to  sudden  disturbance  caused  by 
the  stimulus,  or  inability  to  recall,  I  have  put  the  result  under 
B  or  blank.  In  each  result,  I  have  stated  the  date  when  given, 
the  part  of  the  memory  piece  selected,  the  list  of  cues  pre- 
Kuted,  the  number  of  boys  acting  as  subjects,  and  the  Dumber 
of  cases,  the  last  being  dislribuied  under  the  headings  I,  F, 
and  B  as  above  explained.  T\'heie  a  boy  took  up  the  cue  and 
proceeded  straight  ahead,  I  have  counted  the  case  in  the  from- 
ward  column,  and  I  have  also  pt:t  in  the  same  column  those 
cases  in  which  revival  immediately  foUows  the  cue.  and  in 
which  there  is  an  apparent  'skip'  ahead  of  the  cue  before  re- 
vival occurs.  Certam  possible  objections  to  my  method  of 
procedure  I  shall  take  up  after  having  presented  my  results. 

Test  1. 

Date.     March  20,  1905  (forenoon). 
Part  selected. 

"By  the  flow  of  the  inland  riveT." 
Cues.    ftoWt  inland,  river,  the. 
Number  of  boys.     38. 
Cases.  I.      i      F.      E      B.      I      total. 


86      I      6s      I       x       I 

Tkst  II. 

Date.     March  20,  1905  (afternoon). 
Part  selected. 

"No  more  »li«n  the  w»r  cry  sever, 
Or  the  irindlDK  rivcrt  bo  red.** 
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Cues,     i^ivr,  minding,  rivers,  shali, 

Nnmber  of  boys.     40. 

Cases.  I.      I      F.      t      B. 


total. 


»04      T      55      I       »       I       160 
Test  HI. 

Date.     March  27,  1905  (aflemoon). 
Part  selected. 

"By  the  flow  of  tbe  inland  river. 

Whence  the  fleets  of  iron  have  fled. 
Where  the  bUilcs  of  the  ^rave  HT**i  qoiver. 
Asleep  are  the  ranks  of  the  dead, — 
[Inacr  the  scmI  and  the  dew. 

Wailiiig  the  judf^mcnt  day: 
Uuder  the  one,  the  Blue, 
Under  the  other,  the  Gray." 

Cues.    Jleels,  dew,  day,  Ji(rtv,  under. 

Number  of  boys.     42. 

Cases.  I.      I      P.      I      B.      I      total. 


138    I 78 j 4 I 210 

Test  IV. 

Date.     April  3,  1905  (aflemoon). 

Part  .selected,  same  an  tn  test  III. 

Cues.     0/,  biades,  asleep,  under,  the,  of. 

Number  of  boys.    40. 

Cases.  I.      I      P.      I      B.      1      total. 


56  I  182  I  2  I  240 
It  is  interesting  to  note  that  in  cues  i  and  6  {of)  which  are 
the  same,  a  diHerent  series  was  revised  (or  each  in  the  cases  of 
25  boys,  aad  that  of  these  25  boys,  10  differed  in  that  one  re- 
vival was  fromward,  while  the  other  (for  the  same  cue),  was 
initial.  The  other  15  boys  revived  an  entirely  different  series 
in  the  two  cases  for  the  same  cae. 

Test  V. 
Date.     April  10  (anemooa). 
Part  selected, 

"Sailly,  lint  not  with  upbraiding. 
The  generoua  deed  was  done: 
In  the  storm  of  the  years  that  are  fading 
No  braver  battle  waa  won, — 
Under  the  ami  and  the  dew, 

Wafting  the  judfEoieiit  day: 
Under  the  blosaoma.  the  Bloc; 
Under  the  garlands,  the  Gray." 

Cues,     in,  W,  fading,  years,  not,  under,  day,  /Ae,  under, 

braver. 
Number  of  boys.    39. 
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Cases. 


I. 

120 


P. 

369 


B. 


total. 
390 


Id  this  test  14  boys  rcvnvcd,  for  the  same  cue  (uad^r),  a  differ- 
ent  series  ia  each  case,  /.  e.,  the  same  boy  for  the  same  ctw 
gave  a  series  diSeriog  in  the  second  revival  upoo  presentation 
of  the  cue. 

In  the  foltoning  set  of  tests,  about  half  the  boys  were  the 
same  as  those  acting  as  subjects  in  the  preceding  experiments. 
The  class  numbered  about  forty,  was  in  the  seventh  year  (first 
half),  and  averaged  i3  years  3  mouths,  the  ages  varying  from 
II  years  o  months  to  15  years  9  months.  Similar  explana- 
tions were  given  as  in  the  above  tests. 

TasT  VI. 
Date.    October  16,  1905  (aftemoou). 
Part  selected. 

"Whither.  'inid«t  fstling  dew. 
While  glow  the  beuvcns  wilh  the  lost  steps  of  day, 
Far,  through  their  roay  depths,  dost  thoo  pniSDC 
Thy  •oliUry  wmy?" 

g^iow,  t/eps,  way,  with,  the. 

41. 

I.      I      F.      I      B.      )      toul. 


Cues. 

Number  of  boys. 

Cases. 


The  8  blanks  were  alt  caused  by  the  cue  'way.'  which,  it  may 
be  noted,  is  the  last  word  in  the  stanza  chosen.  These  eight 
cases  might  perhaps  be  classed  under  F,  since  the  blank  may 
have  been  caused  by  a  natural  inability  to  proceed  onward. 

Test  VII. 

Date.     October  24,  1905  (afternoon). 
Part  selected. 

"I  cbitter.  clietter,  u  Z  Qow 
To  Join  the  brimming  riTer, 
For  men  rosy  come  and  meo  may  go, 
But  I  go  oa  (or  ever." 


Cues.    Jlow,  river,  m^n,  I,  forever. 
Number  of  boys.     36. 

Cases.  I.      I      F.      I 


B. 


total. 


84     I      89      I      7       I       180 
Similar  to  the  cases  in  test  VI,  the  seven  blanks  were  caused 
by  the  cue  'forever'  which  Is  the  last  word  in  the  stanza. 

Tkst  VIII. 

Date.     October  25,  1905  (afternoon). 
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Fart  selected. 

"Tile  quality  of  mercy  is  not  atrain'd, 
It  dro})[)«th  at  the  gentle  raJn  ftotn  heaven 
Upou  tbe  place  beneath:  it !»  twice  blese'd: 
It  bleueth  him  that  gives  and  him  thai  takes.'' 

Caes.     quality,  it,  gentU,  bUsseth,  the. 

Number  of  boys,    39, 

Cases.  L      I      F.      I     B.      I      total. 

The  blank  cases  were  caused  by  the  cue  'the. '     I  infer  from 
this  that  lack  of  revival  was  dne  to  conflict,  to  shock  dne  to 
the  number  of  series  which  have  equal  right  to  follow  'the'  and 
which  would  strive  so  to  do, 
Thst  IX. 

Date.     October  26,  1905  (forenoon). 

Part  selected, 

"Wc  bold  these  truthe  to  be  wIMvident,  that  all  men  are  created 
eqaal,  that  tbcy  are  endowed  by  tbelr  Creator  with  certain  nnalieii' 
able  Rigbts,  that  among  the»c  are  Life,  Liberty  and  tbe  pursuit  of 
Happineu." 

Cues,     truths,  created,  men,  that,  thts*. 
Number  of  boys.     37. 

Cases.  1.      I      P.      [      B.      I     totol. 

44      I     141     I      o      I       185 

Before  analyzing  the  above  results,  I  think  it  advisable  to 
answer  a  possible  objection  which  may  be  raised.  Since  the 
selections  were  learned  for  purposes  of  class  recitation,  did  not 
the  boys  therefore  tend  to  recite  the  answers  in  the  order  in 
which  they  were  usually  required  to  do?  Since  they  kuew  that 
only  a  certain  method  of  recitation  would  be  accepted,  would 
not  this  influence  their  mode  of  reaction  ?  If  I  wished  to  in* 
vestigate  the  fromward  tendency,  perhaps  such  objection  might 
have  some  weight.  But  the  fact  that  a  fromward  direction  is 
usually  required  in  class  recitation  urould  operate  strongly 
against  any  initial  tendency  txcoming  manifest.  For  a  recita- 
tation  proceeds  onward,  and  not  with  a  skip  back  and  then 
■bead.  The  initial  tendency,  if  shown  (as  it  is),  is  strongly 
opposed  by  the  artificial  conditions  imposed.  This  peculiar 
skip  back  and  then  the  process  ahead  (initial  tendency  forward), 
moreover,  cannot  be  explained  by  any  backward  revival.  For 
if  such  were  to  operate,  the  intermediate  words  would  have  to 
be  revived.  This  point  I  shall  discuss  more  fully  in  the  fol- 
lowing section.  Before,  however,  proceeding  with  my  anatyas 
of  the  results,  I  shall  distribute  the  cases  iu  Test  VII,  and  give 
those  examples  of  initial  and  fromwaid  tendencies  which  oc- 
curred most  '  "'v. 
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Cne.     /. 
I  cases,     4. 

'but  I  go  tm' 
F  cases.     32. 

*/  chatter  chatter' 

'chatter  chatter  as  I  flow' 

*I  go  on  forever^ 

'go  on  forever' 

fiow  lo  join' 

Cue.    forever, 
I  cases.     29. 

'but  f  go  on' 

*f  go  on  forever' 

'go  on  forever* 
B  cases.     7. 


Test  VII. 
Cue.    flow. 
I  cases.     16. 

'/  tkaiter  chatter  as  I  flow' 

*ckatter  ehalier  as  i flow' 

*at  Iflmv' 

•/flow' 
F  cases.     30. 

'flaw  to  join  ike  brimming 
river* 

'to  join  the  brimming  river' 

Cue.     river. 
I  cases.     26. 

*tojoin  the  brimming  river* 

'the  brimming  river* 

'brimming  river' 
F  cases  lo. 

'riverfor  men  may  eome* 

'for  men  may  come' 

Ctic.     men. 
I  cases.     9. 

for  men  may  come' 
F  cases.     37. 

'men  may  come' 

'may  come' 

It  is  to  be  noted  that  do  attention  was  paid  to  spelling  or 
pnnctuation.  It  is  also  to  be  noted  that  the  last  word  in  the 
answer  of  some  of  tbe  cases  (as  in  the  cut:  forever) ,  is  the  same 
as  the  cue  of  the  following  test,  It  is.  however,  interesting  to 
note  that  of  the  se\-eD  boys  that  put  a  blank  when  the  fifth  cue 
was  called  out  {forever),  five  of  them  had  'forever'  as  the  last 
word  in  their  answers  to  tbe  fourth  cue.  The  answers  above 
distributed  are  those  which  predominated.  In  addition  were 
cases  in  which  there  were  words  or  even  whole  lines  skipped 
in  the  fromward  cases,  such  sklppiuj;  being,  in  the  usual  atom* 
istic  explanations,  classed  as  'mediate'  association.  Since  I 
wish,  among  other  things,  to  show  the  fallacy  of  the  atomistic 
conception,  I  shall,  in  the  following  section,  try  to  give  a  dif- 
ferent explanation. 

III. 
Though  our  ideas  or  conscious  moments  come  in  serial  order, 
tbis  fact  does  not  necessitate  the  existence  of  any  potential 
series  in  the  same  order  as  that  in  revival.     The  fact  that  a 
series  of  ideas,  etc.,  arises  in  the  order, 

A,  b,e,  d, p. 
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is  DO  proof  that  stored  up  in  our  'empty  cabinets'  is  a  number 
of  ideas,  a,  b,  c,  d,  etc.,  which  drop  out,  as  it  were,  one  by 
one.  The  existence  of  an  initial  tendency  tn  mental  reproduc- 
tion requires  a  far  difiercnt  conception  of  the  present  moment 
of  consciousness.  Wbeu  writteu  in  symbolic  form,  as  words, 
etc.,  the  series  seems  to  presuppose  a  number  of  discrete  units 
which  seem  to  exist  in  chain-like  form  in  consciousness.  But 
with  such  a  scries,  how  account  for  the  initial  tendency  ?  In 
any  series,  a,  b,  c,  d,  etc.,  a  jump  back  from  ^  to  tt  or  to  ^  will 
neglect,  apparently,  the  intermediate  member,  b,  and  this 
vaultini;  process,  a  mental  gymnastic,  as  it  were,  can  bardly 
be  explained  by  any  'mediate'  association,  backwards.  For 
the  series  runs  on  ahead,  forward,  and  not  backward.  A  skip 
from  axo  d  might  be  due  to  'mediate'  as.sociauon,  but  'mediate' 
association  cannot  be  called  in  to  explain  the  apparent  jump 
backward.  I  shall  try  to  give  a  rational  explanation  of  both 
forward  and  backward  'jumps,'  and  sball  attempt  to  show  the 
futility  and  falsity  of  any  explnnation  by  'mediate'  association. 
Now,  instead  of  supposing  the  stimulus  alone  to  exist  as  a 
conscious  moment  in  the  subject,  in  the  light  of  the  facts  pre- 
sented, we  can  add  the  tendency  to  revive  a  series  in  a  forward 
direction,  which  tendency  I  represent  by  n.  Instead  of  repre- 
seutiug  the  present  moment  by  a,  or  b,  or  p.  therefore,  it  should 
be  represented  by  pn,  p  giving  us  the  stimulus  or  that  portion 
of  it  operatiug,  and  «  the  tendency  of  the  present  moment  to 
pass  on  in  serial  order.  But  in  addition.  I  think  it  safe  to  add 
another  factor,  or  rather  to  point  out  another  factor  which  ex- 
ists in  the  present  moment  of  consciousness.  The  portion  p  of 
the  present  moment  exists,  not  in  abstrado,  but  in  a  series  :  as 
such,  besides  its  own  meaning,  besides  the  meaning  which  it 
has  in  general,  it  has  a  specific  meaning  due  to  its  position  in 
the  series ;  its  meaning  becomes  narrowed,  as  it  were,  beeatiae 
of  its  serial  connections.  Thus,  in  the  distribution  of  cases 
(See  p.  248),  and  also  in  Tests  III  aud  IV,  the  same  cue  revived 
different  series,  and  in  some  cases  with  the  same  boys.  Thus 
(Seep.  246)  /,  being  in  ditfercnt  scries,  had  a  different  meaning 
according  to  the  series  in  which  it  was  revived.  In  some  cases 
the  series  was  'I  chatter,  chaittr.  ttc.,'  in  others  il  was,  'but  I  go 
tm  forever.*  This  meaning,  both  as  such  aud  as  serial.  I  wish 
to  represent  by  m.  The  entire  present  moment  may  therefore 
be  represented  by 

pmn 

m  standing  for  the  meaning  both  per  st  and  as  modified  by  the 
series,  and  n  for  the  tendency  to  develop  the  series  in  which  the 
stimulus  exists.  Expressing  the  fact  that^nn  may  be  in  any 
place  in  the  series,  and  may,  therefore,  explicate  the  series  at 
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different  points,  depending  upon  its  position  in  the  series,  we 
have  as  the  present  tnoment, 

The  present  moment  of  consdoosness  cannot  be  an  iseiaUd 
idea,  bnt  is  rather  an  entire  disposition,  such  disposition  being 
excited  by  the  stimulus  or  cue,  and  having  in  it  (i)  a  meaning 
and  (3)  a  tendency  to  explicate  the  series  implicit  in  it.  This 
meaning  and  this  tendency,  moreover,  have  not  dropped  from 
the  heavens  above,  but  have  been  developed  by  a  previous  suc- 
cession or  successions.  Such  successions,  instead  of  being  rep- 
resented by  the  discrete  members, 

a,  b,  e,  d,     .  .  ,  p. 

may  rather  be  symbolized  by  the  formula, 

O-H,  ofttn^,  {y/tifij,  afitfUj,  .  .  ,  ^w,ifj, 

UTiat  is  revived  by  the  cue  or  stimulus  is  not  an  idea,  in  ab- 
stractor but  rather  an  entire  disposition,  having  a  tendency  to 
develop  the  series  implicit  in  it.  Now,  given  this  present  mo- 
ment with  its  meaning  and  its  tendency,  it  makes  no  difference 
what  part  of  the  series  it  begins  to  dei'elop.  It  ma^  begin  the 
series,  or  it  may  start  at  some  part  of  the  series  immediately 
following  the  stimulus.  For  the  present  moment  in  its  entirety, 
P  m,n,,  is  the  series  in  summaiioft,  and  as  such  may  develop 
the  senes  at  any  point  which  the  attitude  calls  for.  There  is 
no  'mediate'  asi&ciation  either  way.  It  is  only  when  we  consider 
p  alone  that  'mediate'  association  majy  be  considered.  But 
when  p  m^  »j,  istalten  as  a  whole,  'mediate'  association  must 
drop  out,  both  as  a  problem  and  as  a  fact. 

It  is  only  this  conception  of  the  present  moment  of  con- 
sdousness.  I  think,  which  cau  account  for  the  initial  tendency, 
and  (though  I  mention  this  by  the  way)  for  the  apparent 
'mediate*  association.  When  the  cue  is  given,  there  is  revived 
in  the  mind  of  the  subject  an  entire  disposition,  which  repre- 
sents, by  its  meaning  and  its  tendency,  some  series  or  part  of 
a  series  which  has  been  previously  developed.  This  tendency 
in  explicating  the  series  begins  at  such  point  as  is  necessary 
fally  to  develop  the  present  moment,  to  expand  its  meaning, 
to  enable  it  to  'fit'  in  its  position.  Now  it  makes  no  difference, 
as  I  have  said  before,  where  the  tendency  becomes  realized. 
It  may  operate  in  an  initial  direction  forward,  or  in  a  fromward 
direction  forward,  and  in  the  latter  case  it  may  even  skip  a 
member  or  a  set  of  members  in  the  scries.  Ixmking  at  the 
present  moment  from  this  point  of  view,  instead  of  from  the 
older  atomistic  standpoint,  we  can,  I  think,  explain  the  initial 
tendency,  and  at  the  same  time  remove  the  problem  of  'mediate' 


TBB  INITIAL   TENDENCY    IN   lUSAL   RHVIVAL. 


351 


ftssociftriot).  There  is  no  actnal  skip  either  way.  The  series, 
or  what  there  ts  of  it,  is  all  there,  and  exists  implicitly  in  the 
present  moment.  When  we  examine  the  series,  there  seems  to 
have  been  some  mediation,  perhaps.  But  as  a  moment  of  con- 
scious life,  snch  mediation  did  not  exist.  The  mediation  exists 
in  the  hgifai  analysis  of  the  series  by  an  observer  a.i\A  is  one  of 
the  many  striking  examples  of  the  psychologist's  fallacy.  The 
whole  series  is  present,  and  where  and  how  it  becomes  expli- 
cated depends  upon  how  much  of  it  is  ronsed,  how  closely  it  is 
organized,  how  mnch  unity  exists  in  it,  and  so  on. 

Before  closing  my  account,  I  wi.sh  to  make  some  minor  ob- 
servations, both  psychological  and  otherwise.  In  arranging 
the  cases,  there  was  forced  upon  me  the  fact  that  with  boys  of 
ability  above  the  average,  with  boys  who  show  care,  such  abil- 
ity being  manifest  in  the  tests  given  by  good  memor>',  thor- 
oughness of  preparation,  etc.,  in  sucb  cases,  the  initial  tendency 
was  more  frequent  than  with  the  rest  of  the  boys.  I  do  not 
mean  to  say  that  Ax^y  general  power  was  shown.  Only,  that 
where  care  or  ability  had  resulted  in  better  work  as  far  as 
memorizing  the  selection  was  concerned,  such  care  and  ability 
having  already  been  previously  manifest,  this  care  and  ability 
in  memory  was  concomitant  with  a  very  evident  initial  tend- 
ency, whereas  the  poorer  scholars  manifested  a  tendencj*  in  the 
fromward  direction.  In  addition,  it  is  seen  that  the  earlier 
tests  show  a  greater  number  of  initial  cases;  and  in  these  testa 
the  piece  was  much  more  thoroughly  and  longer  known  than 
in  the  latter  tests.  It  is,  however,  hardly  fair  to  compare  these 
tests,  since  it  is  evident  that  in  many  cases  the  position  of  the 
word  and  its  meaning  would  determine  largely  whether  the 
tendency  was  to  be  initial  or  fromward.  There  would  have  to 
be  many  more  cases,  and  exact  correlation  before  a  more  stable 
generalization  could  be  made.  But  in  general  I  should  be  per- 
fectly willing  to  estimate  the  ability  or  care  of  the  boys  ex- 
pended in  the  work,  by  the  presence  of  the  initial  tendency. 
A  roagh  and  tentative  classiBcation  could,  I  think,  be  made. 
This  seems,  moreover,  to  coincide  with  the  conception  of  the 
present  moment  of  consciousness  above  expounded.  For  it 
seems  natural  that  where  special  effort  or  ability  has  been  put 
forth,  the  result  would  be  to  establish  a  more  closely  organized 
disposition,  a  better  developed  meaning,  a  more  complete  or- 
ganic whole.  Such  disposition  would  tend  to  realize  itself 
nvm  the  beginning,  and  not  in  piecemeal  fashion.  I  offer 
this  as  suggestion  only,  and  not  as  a  valid  generalization. 

Finally,  the  above  results  agree  with  numerous  empirical 
observations  in  other  directions.  The  above  tests  were  re- 
stricted to  verbal  series  with  meaning.  But  similar  results 
may  be  noticed  in  manual  i*    '        *  motor  adjustments.     For 
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exainp]«,  when  a  boy  is  told  to  correct  a  drawing,  his  tendency 
is  to  begin  it  again,  and  be  shows  this  either  by  rubbing  oat 
the  whole  drawing,  or  by  asking  for  another  paper.  Or,  if  he 
is  building  with  blocks,  and  is  not  satisfied  with  some  part,  he 
will  of^en  throw  down  the  whole  structure  and  begin  again. 
The  spasm  which  a  child  exhibits  when,  in  a  rage,  he  tears  up 
his  paper  because  uf  some  error  which  has  been  pointed  out  to 
him,  should.  I  think,  be  treated  as  a  realisation  of  initial  tend- 
ency (which  has  been  checked  perhaps  by  refusal),  and  not  as 
a  fit  of  the  ancient  Adam.  So  in  reading,  and  in  the  other 
arts,  the  child's  tendency  to  begin  all  over  should  not  be 
checked,  for  it  seems  to  be  the  natural  working  of  his  mind. 
Much  wasted  effort  aud  much  disagreeable  work  could  be 
avoided  if  this  initial  tendency  were  properly  respected.  Any 
error  made  is  not  an  error  per  se,  but  an  error  which  destroys 
serial  unity,  serial  meaning,  and  l>cfore  further  meaning  can 
be  developed,  the  whole  series  must,  perhaps,  be  gone  through 
in  toto  before  progress  is  again  possible.  Hence  the  initial 
tendency.  The  error  has  no  organic  coouection  with  what 
follows,  and  a  new  start  most  be  made. 

My  tests  were  given  to  boys,  and  as  such,  these  tests  must 
be  taken  for  what  they  are  worth.  I  have  found,  however, 
that  as  far  as  I  am  concerned,  my  mind  works  in  a  similar 
manner.  Even  if  what  I  have  presented  be  not  wholly  ac- 
cepted, I  hope  it  will  bring  into  proper  light  both  the  initial 
tendency  and  the  fromward  tendency,  and  the  newer  concep- 
tion of  the  present  moment  of  consciousness. 


ON  JUDGMl 


OF  "LIKE"   IN  DISCRIMINATION 
EXPERIMENTvS. 


By  FxuiK  Ahobuu 


The  class  of  judgments,  whicti  we  in  a  general  way  terra 
"like,"  have  had  a  checkered  career  iu  experimental  psychol- 
ogy. Originally  more  or  less  explicitly  incltidefl  hy  Fechner 
among  bis  doubtful  judgments  in  the  Method  of  Right  and 
Wrong  Cases,  they  gradually  acquired  more  and  more  exposi- 
tive significance  until  we  find  them  forming  a  basis  for  a  loga- 
rithmic law  of  sensory  memory  (Wolfe)  and  for  establishing  a 
theory  of  recognition,     (Lehmann. ) 

And  the  ontogenetic  development  of  this  class  of  judgments 
with  a  kindly  consistency  often  follows  the  phylogenetic:  re- 
agents who,  at  the  beginning  of  a  scries  of  experiments,  rarely 
and  hesitatingly  set  down  the  symbol  for  a  "like"  judgment — 
often  in  the  later  part  of  the  work,  come  tu  express  their  coo- 
victions  of  likeness  with  underscored  emphasis. 

The  factors  whose  presence  in  consciousness  may  bring 
about  a  judgment  of  "like"  are  probably  numerous  and  cer- 
tainly multifarious,  and  among  them  is  a  variation  in  tendency, 
noted  by  the  writer  in  a  previous  invesligauon  {Pfiii.  Stud., 
XIX,  19-20)  tn  judge  certain  difTerenccs  as  like  according  to 
the  variety  in  difrerences  in  value  between  norm  and  variable 
in  the  other  comparisons  of  a  series. 

The  existence  of  such  a  tendency  was  noted  by  Bruno 
Kampfe  in  his  experimental  testing  of  the  Method  of  Right 
and  Wrong  Cases  (/%j/.  Stud.,  VII,  548),  and  later  on,  the 
tendency  appeared  as  a  "by-prodnct"  from  judgments  on 
weights  according  to  the  Method  of  Constant  Difference  in 
Martin  and  Miillcr's  "AnatyMs"  (S.  32), 

The  object  of  the  present  investigation  is  a  further  analysis 
of  this  tendency  in  the  hope  of  throwing  more  light  upon  this 
ambiguous  class  of  judgments. 

The  scheme  of  experimentation  for  snch  an  investigation  is 
simple:  a  number  of  judgments,  sufficiently  large  to  serve  as  a 
basis  for  generalizing,  is  taken  according  to  the  method  of  con- 
stant differences  with  relatively  small  differences  between  norra 
and  variables;  this  scries  is  followed  by  a  second  containing 
some  of  the  differences  between  norm  and  variable  represented 
in  the  first,  together  with  other  and  larger  differences.     The 
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Moood  aena  is  tbem  oonpared  with  tbe  firat  with  regsrd  to 
"like"  jadgmeotsoo  pain  of  stinidi  coamoa  to  the  nra  aeries. 
If  there  Hc  aore  "like"  jodcmeBts  in  the  secood  series  thra 
in  tbe  first  tbe  cfaaoees  are  that  this  hss  been  bnmght 
sboal  bf  tbe  todoctire  iaflucstce  of  tbe  larger  diflSereoces;  if  to 
•ddhioD,  tbe  jodgmeats  of  "like"  are  atlended  br  a  stronger 
coaviction  of  likeness,  the  probabilities  are  very  great  that  the 
cfixt  is  dne  to  the  presence  of  tbe  larger  di&renccs.  The  ap- 
paratus osed  was  the  soond  pendnlnm.* 

Tbe  reagents  aat,  of  oonrse.  irith  tbor  backs  turned  towards 
the  toftimment  aod  at  a  distance  of  abont  tea  feet:  they  were 
wholly  ignoraot  of  tbe  object  of  tbe  experimentatioa  and  of  tbe 
pfocednre.  At  tbe  beginning  of  tbe  work,  tbe  series  with  the 
snail  differences  (A)  alternated  to  tbe  experimental  boor  with 
the  leries  of  Urge  diflcreoces  (B).  Under  these  conditions, 
however,  tbe  reagenis  became  aware  of  the  transition  from  one 
kind  of  aeries  to  another,  as  was  indicated  by  the  confused  lu- 
tore  of  the  reanlta.  Accordingly  tbe  remaining  period  of  work 
was  divided  into  halTf:^,  the  first  of  which  was  taken  with  the 
judgments  of  anull  difiereiKes  (A),  and  tbe  second  with  the 
Urg«r  jadgmeota  (B).  Under  these  oooditions  the  reagents 
were  not  aware  of  the  tranftition,  and  although  io  tbe  course  of 
the  later  series  they  became  aware  of  greater  ease  in  judging. 
they  referred  it,  so  far  as  Ihey  formulated  their  impressions  at 
all,  to  practice,  £avorable  dt^xjsition  on  a  given  day,  or  what 
not. 

An  boor's  sitting  gave  a  set  of  four  series  with  ten  judg- 
ments in  a  series.  In  two  of  these  aeries  the  reagents  were 
given  full  time  to  write  dot\<n  tDtrospectious;  in  tbe  remaining 
two  the  pairs  of  stimuli  succeeded  one  another  rapidly  wiibDui 
lime  for  recording  ihc  result  of  any  other  introspection  than 
the  judgment.  The  object  of  this  was  partly  to  collect  enough 
material  for  statistical  conclusions,  and  partly  to  oi-ercomc  the 
irregularities  lo  methods  of  judging  which  constant  tntrospec- 
tioii  lends  to  bring  about.  The  question  to  be  answered  was; — 
"How  do  differences  in  the  scale  of  stimuli  values  affect  judg- 
ments of  "like"  ?  and  it  might  too  easily  come  about  that  the 
native  hue  of  comparison  would  be  so  sicklied  o'er  with  the 
hue  of  introspection  as  to  obscure  tbe  tendencies  under  investi- 
gation. At  the  <ianie  time  the  introspectioDS  in  the  alternate 
series  might  well  serve  as  a  check  on  the  generalization  from 
the  figures.  The  order  of  the  variable  in  a  given  series  was 
first  determined  by  chance — a  fact  with  which  the  reagents  were 
made  acquainted;  this  order  was  reversed  and  repealed  in  sub- 

'Tbii  inttiuuient  Iibb  its  scale  );■  wo  ia  degrees.  There  is  do  rea- 
son wtiy  the  readmgi  should  cot  give  directly  the  fall-height  of  th« 
peudDlom  bob. 
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sequent  series  nntil  it  had  pnssed  through  all  the  conrenlional 
time-order  and  serial  order  changes,  after  which  a  new  order 
was  likewise  determined  by  chance.  The  reaRents  noted  their 
judg:meDts  according  to  the  categories  of  "Loader  clearly:" 
••Louder;"  "Like;"  "Softer;"  "Softer  clearly"  and  "Donbt- 
ful,"  the  last  named  comprising  the  very  few  cases  where  a 
difference  was  perceived  with  the  nndetermined  direction.  The 
judgments  of  "like"  were  further  divided  into  positive  aud 
negative  according  as  they  were  attended  by  a  conviction  of 
Hkeness  or  resulted  from  an  inability  to  perceive  a  difference. 
This  list  of  seven  categories  of  judgment  is  more  formidable  in 
logical  analysis  than  actuality;  the  judgments  themselves  are 
unitary  processes  and  the  act  which  classifies  them  in  no  wise 
interferes  with  the  processes  themselves,  in  such  a  way  for  ex- 
ample, as  would  the  injunction  to  watch  the  accompanying 
imagery. 

Table  I  gives  the  general  results  in  the  two  groups  of 
experiments — group  A  with  relatively  small  differences  be- 
tween norm  and  variables— group  B  with  small  and  large  dif- 
ferences. The  average  number  of  judgments  for  each  of  tbe 
four  reagents  is  about  216  in  group  A,  and  345  in  group  B. 
The  difference  in  number  of  judgments  id  the  two  time  orders 
is  relatively  small. 

Taking  now  the  number  of  judgments  on  the  five  variables 
commoD  to  tbe  two  groups,  we  find  that  group  A  (small  differ- 
ences) gives  147  "like"  judgments  in  a  total  of  599  judgments 
of  all  kinds,  or  24.5%,  while  group  U  gives  138  judgments  of 
"like"  in  a  totalof  489of  all  kjnds.orapcrcent.  of  28.2.  That 
is.  the  effect  of  the  large  differences  mixed  in  with  the  small  is 
to  increase  tbe  proportional  number  of  judgments  of  "like," 
even  when  working  against  the  tendencies  of  practice.  More 
clearly  is  this  effect  shown  in  the  character  of  the  "like"  judg- 
ments; for  in  group  A  the  underscored  or  clear  judgments  of 
"like"  make  up  but  3.18%  of  the  total  number  of  "like" 
judgments,  while  in  group  B  the  corresponding  proportion  Is 
40.6%.  That  is,  in  tbe  group  containing  the  larger  differen- 
ces, the  reagents  delivered  proportiouatcly  more  "like"  judg- 
ments and  had  proportionately  clearer  conviction  of  likeness. 
Tbe  excess  of  "like"  judgments  in  the  B  group  on  the  x'aria- 
bles  common  to  the  two  groups  is,  however,  not  large — not  so 
large  indeed  as  tbe  writer  expected,  but  the  reason  is  not  far 
to  seek.  In  tbe  case  of  one  reagent  the  proportional  number 
of  like  judgments  was  greater  in  tbe  A  group  than  In  the  B  in 
(he  proportion  of  33  to  30,  while  the  nnmber  of  underscored 
judgments  was  practically  alike  in  the  two  groups.  But  seem- 
ingly in  this  case  uo  less  than  in  the  other  reagents  the  gen- 
eral trend  of  the  series  influenced  the  ways  of  judging.     For 
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TABMt   I. 

^mfmbtr  and  kind  of  Judgment% /or  taik  VariabU  and  bcth  Tim* 

Orden.     Four  Reagents.    Nmtn  tgn^ls  /. 

(*4}  Small digerenee  heineen  Norm  and  Variola. 
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this  reagent  is  what  we  migh:  term  of  aposilive  or  impulsive  type 
of  temperament;  in  the  .statetnents  of  his  everyday  conversa- 
tion be  rarely  uses  qualifying  words,  but  adds  them,  if  he  deems 
it  necessarj',  in  a  subsequent  sentence.  In  the  A  series  he  un- 
derscored 60%  of  his  judgments  as  against  an  average  of  19% 
for  the  remaining  three  reagents.  In  the  B  series,  however, 
with  all  its  easily  noted  diHerences,  his  per  cenL  of  underscored 
judgments  was  only  61,  while  in  the  case  of  the  rest  it  rose 
from  19  to  36.  In  the  case,  therefore,  of  the  impulsive  re- 
agent, the  effect  of  the  large  differences  was  the  reverse  of  what 
it  was  with  the  more  deliberative  type;  starting  out  with  a  high 
degree  of  confidence  in  the  correctuess  of  his  judgments  this 
reagent  wa.s  somewhat  shaken  in  his  cun6dence  by  the  pres- 
ence and  obvioua  differences  of  the  second  scries,  so  that  be 
became  more  cautious  and  drcumspect  in  bis  comparisons. 
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Reagent  Co.,  on  the  other  hand,  is  of  a  proaouoced  delibera- 
tive type;  he  is  very  careful  in  forming  his  opiuions  and  cau- 
tious in  expressing  tlietu.  "It  seems  to  me."  "I  think,"  or 
the  deliverance  of  a  Judgment  in  the  form  of  a  question,  are 
his  usual  ways  in  making  statements.  And  as  was  to  be  ex- 
pected,  the  effect  of  the  course  of  the  experimentation  was  the 
reverse  of  what  it  was  on  A.  Not  ooly  did  he  have  more 
"Like"  judgments  ia  the  B  series  than  iu  the  A,  on  differences 
common  to  the  two  series,  but  his  proportion  of  judgments 
marked  "clearly"  was  about  eight  times  as  great.  (The  actual 
figures  are,  A  series.  1.8%;  B  series,  16%).  That  is,  henot 
only  had  a  greater  tendency  to  judge  "like"  in  the  B  series, 
but  he  had  much  greater  confidence  in  his  judgments,  though 
he  actually  made  more  correct  judgments  of  "like"  in  the  series 
with  the   small  differences,  in  the  proportion  of  38%  to  16%. 

Reagents  Na.  and  Ya.  come  in  between  the  extreme  types  Co. 
and  Al.  but  approaching  more  closely  Co.  They  represent  the 
most  common  type  among  students. 

We  find  here,  therefore,  two  coaditioos  affecting  the  num- 
ber and  correctness  of  judgments  of  "like:"!"^  the  Type: 
some  individuals  are  more  prone  to  expres.^  judgments  ol 
"like'  than  others,  and  this  difference  corresponds  to  the  dif- 
ference between  deliberative  nnd  impulsive  temperameata. 
This  disposition,  however,  is  not  to  be  confounded  with  a 
tendency  producing  similar  results  with  reagents  who  are  not 
well-trained,  viz.,  an  iacliuation  towards  either  judgments  of 
"like"  or  of  "unlike"  as  a  result  of  a  more  or  less  vague  no- 
tion of  the  general  conditions  of  the  experimentation.  2'  The 
Inductive  effect  of  the  course  of  the  experimentation;  series 
containing  mainly  large  differences  between  norm  and  com- 
parison call  forth  other  judgments  with  given  differences  than 
those  containing  mainly  small  differences;  the  usual  effect  of 
the  series  with  large  differences  is  to  increase  the  proportion  of 
judgments  of  "like." 

A  third  effect  which  has  been  clearly  shown  by  previous  in- 
vestigations is  that  of  time;  the  number  and  accuracy  of  judg- 
ments of  "like"  decrease  with  the  time-inicrval  between  norm 
and  comparison,  though  that  this  decrease  always  follows  a 
logarithmic  ratio,  or  that  it  is  due  to  the  "fading"  of  a  mem- 
ory image  are  in  no  wise  matters  of  fact.  The  number  of  judg- 
ments of  "like"  fall  off  with  the  increase  tn  time-interval  be- 
cause reageuts  maintain  more  constant  bodily  conditions  in  the 
short  intervals  than  in  the  longer,  and  the  accuracy  falls  offbe- 
canse  there  are  fewer  direct  acts  of  comparison,  though  what 
the  terms  of  ihese  simple  comparisons  may  be,  to  what  cate- 
gory of  sense  they  may  belong,  is  not  easy  to  determine.  (  yide 
Haydeu,  Memory  for  Liflcd  Weights,  Am.J9ur.Pxv,,  XVII, 
Journal— 7 
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p.  497:  Angell,  Comparison  of  Shades  of  Gray,  etc.  Phii.  Stud., 
XIX.  S.  20.) 

In  comparing  .simple  sttmnit  like  shades  of  gray  or  sounds, 
the  usual  process  seems  to  be  that  reagents  begin  with  nega- 
tive judgments  of  "like;"  that  i*.  the  judgment  "like"  is  de- 
livered because  the  reagents  fail  to  note  any  difference  between 
norm  and  comparison;  and  is  not  usually  due  at  first  to  a  con- 
viction of  likeness  or  a  feeling  of  familiarity  even  after  the  re- 
agents have  begun  to  feel  acquainted  with  the  stimuli.  Thus 
on  the  seomd  day  of  the  present  investigation,  a  series  of  five 
comparison  sounds  were  given  without  a  corresponding  norm, 
which  the  reagents  were  to  compare  with  the  norm  used  two 
days  previously.  At  this  time,  although  the  reagents  had 
made  but  39  comparisons  of  sounds  produced  with  the  sound 
pendulum,  these  one  term  judgments  were  delivered  in  most 
cases  quickly  and  often  with  considerable  coavictioTi  of  cor- 
rectness. But  in  the  subsequent  judgmeots  of  this  day  there 
were  no  underscored  judgments  of  "like;"  that  is,  the  judg- 
ments of  "like"  at  this  stage  were  still  negative.  It  is  at  this 
stage,  therefore,  that  thc.w  judgments  are  hardly  distinguish- 
able from  the  so-called  doubtful  judgments,  and  they  further 
agree  with  the  latter  in  taking  a  relatively  long  time  in  forma- 
tion. In  the  course  of  time,  however,  this  absence  of  a  differ- 
euce  becomes  a  positive  mark,  so  to  speak,  nud  such  judg* 
ments  arc  often  delivered  with  more  or  less  of  a  conviction  of 
likeness.  And  along  with  this  there  grow  up  other  positive 
signs  which  form  bases  for  judgments  of  "like;"  as  the  writer 
has  before  remarked  (op.  at.  S.  18.):  "When  a  series  of  com- 
parisons is  made  up  of  stimuli  diCfertng  in  part  but  a  little,  and 
in  part  not  at  all.  from  the  uorm  stimulus,  the  judgment  of 
"like"  may  be  attended  by  a  conviction  of  likeness  which  very 
often  is  due  to  the  feeling,  mood,  tension  sensation  or  even  ac- 
cidental circumstance." 

In  the  present  investigation  the  tension  .sensations  were  usu- 
ally located  iu  the  ear;  Al.  notes  repeatedly  "muscular  sensa- 
tions in  the  ear,"  and  Co.  speaks  of  "reaction  in  ear."  Res- 
onance, referred  sometimes  to  the  external  passages  of  the  ear, 
sometimes  to  "echo"  was  frcfiuenily  useil  as  a  basis  for  dis- 
crimination. In  two  cases,  "a  feeling  of  familiarity"  with  the 
norm  formed  one  term  of  the  comparisons,  for  01-,  the  most 
experienced  observer,  and  in  another  tastance  nu  organic  sen- 
sation served  the  same  purpose  for  Co.  who  notes  that  a  'thrill 
was  experienced  resulting  from  R,  as  significant,  and  this  dis- 
turbance was  held  over  till  Rj  came.'  The  acoustic  image  of 
Ri  was  not  often  noted,  and  when  noted  it  did  not  seem  to  es- 
pecially assist  in  discrimination.  Cr.  speaks  of  "A  clear  mem- 
ory image  but  it  did  not  help  comparison."    >When  held  over 
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for  comparison,  the  acoustic  image  frequentlj  took  some  other 
ftMHi  than  that  of  its  prototype:  Al.  several  times  says  that  the 
"memory  image"  is  coDtiaaous  between  R]  and  R,  and  this 
continnous  form  of  reproduction  of  momentary  stimuli,  is  fre- 
quent in  sound  and  lone  discrimination. 

It  is  evident  that  the  jndgments  gotten  from  experiments  of 
this  kind  with  discrimination  of  such  simple  stimuli  as  sound 
and  shades  of  gray  can  euter  only  iu  part,  and  perhaps  in  small 
part,  into  the  conMruction  of  a  theory  of  recognition.  In 
the  first  place,  most  of  the  judgments  of  "like"  in  the  early 
stages  of  the  investigation  must  be  excluded  as  inferences.  Of 
conrse  it  was  only  at  the  beginning,  if  at  all,  that  these  infer- 
ences approximated  an  explicit  form,  such  as  "I  perceive  no 
difference,  the  stimuli  must  be  alike."  They  quickly  became 
more  and  more  syncopated  and  condensed  until  they  existed  as 
an  abstract  state  of  koonriDg  {Bcivusslheit) —  abstracted,  that 
is,  from  any  background  of  imagery  or  sensation,  acoustic, 
motor  or  otherwise.  But  that  in  this  vicarious  form,  many  of 
the  judgments  were  still  essentially  inferences,  and  not  direct 
recognitions  is  shown  by  the  inductive  effect  of  the  "unlike" 
jndgments  which  fonned.  so  to  speak,  the  major  premise  for  the 
condensed  inferences. 

Even  with  the  absolute,  or  free  jndgments  we  have  to  do 
rather  with  cases  of  cognition  or  at  best  of  class  recognition 
than  with  the  recognition  of  a  specific  impression.  The  ex- 
periment of  the  secoud  day  of  this  investigation  {vide  p.  358) 
when,  after  having  delivered  but  39  judgments  ua  these  sounds, 
the  observers  were  able  to  compare  stimuli  with  a  norm  given 
two  days  previously,  shows  how  qnickly  the  stimuli  were 
clasaiSed. 

It  is  tuither  to  be  observed  that  in  discrimination  experi- 
ments where  a  definite  plan  of  response  to  stimuli  is  set  before 
the  obser\'ers,  a  state  of  affairs  ensues  which  is  \'ery  unlike  the 
ordinary  conditions  of  recognition.  There  is,  for  example,  a 
greater  difference  between  di-scrimi nation  of  tones  and  the  "ab- 
solute" recognition  of  a  tone  than  lies  in  the  relative  number 
of  terms  of  comparison.  In  bis  article.  "Ueber  das  absolute 
Gehor"  (,Z./.  Psy.,  III.  S.  367)  J.  v.  Kries  writes  that  "In 
the  first  place  it  can  come  to  pass  that  the  hearing  of  a  tone  can 
produce  in  me  immediately  a  certain  name,  say  c,  but  never- 
theless, I  am  left  in  a  state  of  doubt  as  to  whether  I  heard  e  or 
d.  On  the  other  hand,  recognition  is  not  excluded  by  the  fact 
that  in  hearing  a  tone  I  feel  no  immediate  impulse  to  give  it  a 
definite  name."  This  is  a  very  different  mental  condition  from 
that  of  which  Acb  gives  an  acconnt  in  his  reaction  experiments 
in  discrimination.  (Ueberdie  Willenstatigkeit  nnd  das  Denken, 
S.  80.)    He  says,  "After  the  sensation  had  developed,  especi- 
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ally  in  the  case  of  tfae  colored  cards,  the  name  of  the  color  ia 
question,  red  or  yellow,  was  toenully  spoken  with  a  certain 
affirmation  or  assent,  after  which  the  6nger  came  up.  In  other 
cases  blue  or  yellow  was  apprehended  as  colored  according  to 
the  language  of  the  instructions  and  after  this  the  motion  fol- 
lowed." 

In  the  present  Investigation,  the  decision  on  the  compara- 
tive loudness  of  the  sounds,  became  practically  a  reaction  or 
response  to  the  second  sound  iu  terms  of  "louder,"  "softer," 
or  "like;"  these  terms  or  some  abstract  equivalent  for  them 
were  'nascent,'  to  use. a  Spencenanism,  and  when  the  com- 
parison sounded  it  was  immediately  thought  of  as  under  one  of 
the  catagories.^  Occasionally  it  was  classiSed  by  means  of 
some  sensory  sign, — resonance  for  example,  but  usually  the 
clarification  resulted  without  sensory  or  ideative  basis. 

How  far  beyond  the  conventional  scheme  of  comparison  these 
processes  had  gone  ia  shown  in  the  case  of  Observer  Cr.,  who 
classified  the  sounds  as  unlike  on  the  basis  of  a  feeling  of 
familiarity  belonging  to  the  norm — the  recognition  of  one 
sound  thus  forming  the  criterioD  of  a  diflTererence.  But 
the  judgments  of  "like"  in  discrimination  experiments  with 
simple  stimuli  seem  to  be  rarely  recognitive;  they  are 
most  usually  based  on  inference  or  on  cognitive  classifica- 
tion, and  when  recognitive  they  are  more  apt  to  arise  from 
imagery  and  Sensations  that  are  accidental  than  from  the 
stimuli  forming  the  direct  objects  of  discrimination. 


*  (y.  Whipple,  DUcriminatioD  of    CIao][3  »ti(t  Tones  {/4m.  /our. 
Ar-.  ",  p.  445  > 
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Institmli  Solvajf.     Travaux  de  Sociologif.    Notes  ef  M4mm ret.    Miwcb 

et  Thron,  Kilitenrs.  Bruicllcs  «l  Leipzl^r,  1906.  Fasciatle  i.    Note 

sur  dei  FortHttUhd'IntroduftioH  h  P Eiurgttioue physio^  et  piyfho- 

sociologi^ue.  Par  U,  Soi,VAv,    pp.36.  FaicicuU  t.    Es^nissed'vnt 

SociologM.  par  Ruilr  Waxwhilkr      pp.  306.     Fascicule  3.     Let 

Origints  Naiurettts  de  la  ISoprifU.  Esiaiae  Sodotogie  Comparie. 

P«r  R.  Pbtrucci.     pp.  xvi-fa^fi.      Fascicule  4.    Sur  quelqtrs  Br- 

reurs  de   .Wthode  dans  V Etude  de    I'HotHme   Pnmilij.    Noies 

Critiques-     Par  Lori8  Wodon,     pp.  j7-     Fasfteule  s.     l^'Aryenet 

PAttlhroposociologie.     Etude  Criligue.    Par  tc  Dr.  Eun.K  Hquzt. 

pp.  117.    FascictJe  6.  Mesure  des  Capaciti%  /ntcllecluelle  el  Ener- 

gdtique.   Notes  d'Analrse  slatistique.    P«r  Coarlhs  Hsmrv,  awe 

Remarque  additionnelle  (Sur  r Inierprdtation  So<ialogique  de  la 

Distribution  det  Salaires)  par  Emile  WAXWiiiLBtt.     pp.  77. 

The  Dumber  and  extent  of  jt>  publicationa  Are  an  indicwtion  oE  the 

MCtivity  of  the  recently  e*t«bli»beu"Initltut»  Solvuy,"one  ol  tbe  KieD< 

tific  foun^Utlon*  of  tbe  Bel^an  rapitat.    The  Drat  monograpb,  br  tbe 

founder  himself,  in  an  attempt  toconclenw:  ia  two  mathematical  forni- 

utile  tbe  pbyitiological  exp[e»itlon,  ua  tbe  oue  band,  and  tbe  p»)-cbO' 

logical  cxpTMS^n  (of  organic  reactiona)  on  tbeotber.  of  the  life  of 

an jr  given  isolated    iaitividnal.  and   lo  indicnte    the    modificatinna  of 

tbese  formnls  necesKsary  to  adapt  tbctn  to  tbe  case  of  an  individual 

no  longer  isolated  by  liviuf;  in  social  relations.    Society  Is  something 

more  than  tbe  sum  ol  a  number  of   individunls  and  ibe  productive  in- 

tellectnal  capacity  of  each  individual    is  an  important  interveulional 

factor.    The  ener^  of  a  social  gronp  is  likewise  not  newly  and  purelj 

tb«  anm  of  tbe  utilizable  iadiTidiial  energies  of  tbe  people  composinit 

iL    Tb«goalof  M.  Solvay'aaociolo^  IB  "(o  reduce  to  fundamental 

pbysico^bemtcat  actions,  the  euscmble  of  biolo};icat  and  sociolof;ical 

phenomena." 

In  bis  "Outlines  of  Sociology,"  Btnilc  Wasweiler,  who  ia  a  professor 
of  the  Univeraity  of  Brasaels,  treats,  in  the  first  part,  of  sociology 
(adaptation  to  enviroumctit,  liviug  milieu  and  Bocial  tniiieu,  aociolog- 
ical  phenomena  in  comparative  aoctology)  and,  in  the  second,  socio- 
loxical  analysis  (aourccs  and  lurtbod,  social  formation,  social  apti- 
tude*, activities  and  syuergies).  Professor  Waxweiler  defines  "social 
•thology,"  or  "socioloRy,"  since  that  term  already  cxiata,  as  "the 
•cience,  or  rather,  the  physiology  of  Lbc  reactional  phenomena  due  to 
the  mutual  exciiatious  of  iudivmaala  of  tb«  same  species  without  dia> 
ticction  of  sex."  The  basis  of  social  affinity  is  the  "impression  of  or- 
ganic likeueaa  (ainilitude)."  and  lbc  evolution  of  man's  nervous  sya> 
tern  has  determioed  characteristic  pbenomena  from  tbe  sociological 
point  of  view.— "the  facnlty  of  perceiving  inter-individnally  apccific 
likeneis  of  organization  proceeds  on  a  par  witb  what  ia  called  tbe 
nanifeautions  of  intellieeuce,  i.  e.,  witb  the  complexity  of  tbe  ner- 
Tona  syatem"  (p.  74).  More  and  more  baa  man  become  "tbe  animal 
formed  by  the  otber  individuals  of  bia  species"  The  author  styles 
primitive  "those  men.  who.  witb  regard  lo  tbe  greatest  mcsological 
complexity  attained  at  a  given  epocb,  have  remained  at  an  elcmeuUtrj 
Btage  of  the  development  of  tbetr  sensibility  (or,  in  other  words,  tbeir 
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Tvactionftl  potcnti»litji),"  anil  citfilized,  "tbow  who  faavc  put  this 
poientwlit^  ia  oalcon  with  the  ruiety  of  cnTiroD mental  BtimolL" 
Seeiabittty.  "the  htiman  aptilnrlc-  for  social  impression, "  belongs 
propcrljr  to  mftn  alonr.  Prof.  Waxwcilrr  kccepU  the  recupiluUtioa 
tbeoijraadboldE  thai  "the  peoples  who  have  remained  close  to  the  ini- 
tUI  moment  of  pb^ letic  evolution  are  more  tike  the  child  of  the  civi- 
lized RiNti  than  like  the  civilized  man  himself"  (p.  t  ri)-  The  "social 
per*onaIitv"  of  an  indiridnal  consisu  of  three  elemcata, — "an  en- 
$<mblt<ii  physical  adaptation*,  an  ^nstntiU  of  paycbM  adaptatioal, 
•oda  wwt  of  "mental  plant"  (or  stock  of  tools,  etc.). —thi*  might  bet- 
ter, perhaps,  be  termed  idiotrofism  than  social  pertonality.  When 
the  indiTidual  has  completed  hie  cducmion  (in  sociability  especially] 
be  hiut  acquired  a  certain  representation  of  the  other  indlriduaU  of 
bit  species,  a  representation  which  is  "essentially  polrmorphic" 
(p.  Ii6).  The  phcDotncua  of  mental  parsllelism  (telepathy)  rest  upon 
•ociu  syoetbia,  leading  to  coioci<Ie»cc  of  iutuitions-  Id  accordance 
with  the  derelopment  of  man's  sensibility  and  the  increase  of  the  so- 
cial polymorphism  due  to  the  intensification  of  etilture,  the  desire  of 
the  like  evolves  towards  a  form  implying  now  only  occasional  and 

3alte  elective  npprocheittents.  The  most  complete  human  type  to- 
ay  Is,  that  of  the  "iudiridnal  who  'finds  himself  again'  In  the  least 
part  in  a  lar^c  number  of  his  fellows,  towards  whom  he  feels  himself 
drawn  by  lively  impuUea.  but  who  does  not  '&nd  himself  aj^ain'  com. 
pletely,  or  even,  in  large  part,  in  any  one."  The  only  sctivit'ea  of 
the  indWidna)  which  interest  the  sociologist  arc  his  external  activi- 
ties, and  those  only  in  so  far  as  they  "produce  effectively  In  another 
Individaal  of  the  same  species,  without  distinction  of  sex,  a  certain 
reaction"  (p.  169).  Activities  arc  distinguished  as  conjunctive,  pro- 
tective.  ittjurious.  competitive,  dJvulgative,  gregsriona,  repetitive,  ini- 
ti^tive,  «C4]ui«itive,  selective:  the  social  synergies  \  couformity,  inter- 
dependence,  cephalixatiou,  co-ordin\tion,  conscience,  etc.  There  it 
BDCh  interesting  matter  in  this  volume  and  the  bibliography  (pages 
397-506,  1  cols,  to  page)  proves  the  author's  wide  reading, — he  has 
tnade  good  use  of  the  Pedagogical  Seminary  vaA  the  writings  of 
American  devotee*  of  "cbild  study."  But  for  all  this  his  book  la.  as 
be  terms  it,  properly  etiough,  "a  sketch."  A  usefnl  featare  is  the 
"sociological  dictionary  (psges  38r-395^  containing  some  3.300  terma 
without  definitions,  of  more  or  less  sociological  import,  gleaned  from 
the  vocabulary  of  the  French  language. 

R.Petrucci'aesAay  in  comparative  psychology.  "The  Natural  OrijioB 
of  Property,"  treats  in  Ixrge  measure  of  the  idea  of  propeitv  in  the  in- 
fra-liuman  world  of  life  (pages  1-77)  and  then,  less  extensively,  of  its 
first  developments  in  man.  The  earliest  form  of  propeHy  is  the  pre^ 
obtained  bv  the  unicellular  organism  liy  reason  of  the  needs  of  nutri- 
tion. At  tnts  biological  stage  wc  meet  also  the  permanent  or  transi- 
tory colonial  orj^aniiation  of  nDicellular  animals,  on  which  is  grafted 
a  sort  of  primitive  form  of  property  of  the  "family  type,"  Even  in 
the  vegetable  world,  however  paradoxical  ft  may  seem  at  first,  an  an- 
alogous state  of  affairs  exists,  the  possession  of  the  soil  by  plants  in- 
dividually and  collectively  conHtituting  "property"  of  the  two  kinds 
in  question.  The  deTelupmcut  of  these  forms  of  property  is  traced  by 
the  author  in  the  molluscs  and  worms,  insects,  arachnids,  crostacea. 
fishes,  reptiles  and  batrachians,  birds  and  mammlfers  and  man  (only 
the  primitive  hunting  and  pastoral  stages  being  considered,  as  they 
present  the  simplest  forms  of  baman  property,  and  the  discassion  of 
the  juridical  forms  of  property  lies  outside  the  scope  of  the  work). 
The  contrast  between  the  crushing  collectivism  of  certain  Insects  and 
the  greater  significance  of  the    individual  aud  the  family  among  the 
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TCrtebniteft  ift  enphuizci).  In  tbe  birds  are  to  h«  seen  the  foreran- 
aer*  of  iaiiividual.  familv  unt]  g"*"?  properly,  (he  further  develop. 
mcDt  of  which  chBractcrizca  the  miiitiaiats.  The  chapter  on  "Tu« 
Pirat  Forms  of  Property  in  Mkii"  (pnges  179-Si8l  1*  not  very  sitlisfac- 
tory.  ss  the  list  of  aathoriiie*  cited  ( pp.  xi*-xv)  would  almo'^t  aece*- 
sMrilj  imply.  Before  »□  exact  statement  of  the  facts  of  property 
amoog  prtmitiTc  people*  can  be  made,  certainly  the  records  of  the  ia- 
Testlfiations  of  the  experts  of  the  Bareau  of  Kthnology.  the  Jeenp 
North  Pacific  Expedition  and  other  equally  valitable  itndies  concern- 
ing some  of  the  least  civil  iicd  and  most  primitive  people,  of  the  world, 
must  be  thoron^hly  digested.  Socb  reaearches  as  that  of  Dr.  Jeoka 
on  the  wiid-rice  and  its  use  by  the  Indians  of  North  America,  Boas* 
brief  accouut  of  property -marks  omoaifthe  Alaskan  Ksktmo,  etc.,  are 
BtKoificaat  here.  The  relation  of  "lnurhclora*  houiie*,"  puberty-cabtos 
and  other  isolation  places  for  men  and  women  at  various  periods  of 
life  to  the  general  iu«titnlioDS  of  primitive  man  needs  more  carefal 
study:  aliK)  the  relation  between  puftertv,  etc.,  and  art-production  as 
connected  with  property-sense.  Accor^inj;  to  Pclrnoci,  the  unciTil- 
ixcd  peoples  exhibit  essential  characteristics  alteady  sevn  in  the  ani- 
mals below  man:  food-reserve,  huntin^-grouml,  poitaesMion  of  shelter, 
all  these  are  gronped  according  lo  the  name  individnal,  familial,  col* 
lective  formK.  With  man  individual  property  appears  in  weapons, 
tools  and  claihing,  while  the  family  side  of  property  is  found  in  the 
shelter  rdwiflling  house)  nnd  the  collective  or  group  aspect  in  the 
bunting  ifrouod  and  territory  rxploited,  but  thc^e  dutiuctions  have 
no  impassible  liuiitB.  The  greatest  clement  of  perfectibilitv  possessed 
by  primitive  man,  according  to  the  author,  is  "the  weapon  and  the 
tool,  whicb,  in  the  beginning  arc  one  and  the  same."  The  perniaueni 
Utilisation  and  the  improvement  of  weapons  and  tools  and  the  adap- 
tation of  clothing  as  a  sort  of  defense  against  the  environment, 
sparing  at  the  same  time  his  organic  activity,  are  some  of  the  chief  ad- 
vantages  of  man  over  the  other  animals.  Man's  hand  and  ita  "pro- 
Ioa|;aL;on"  in  the  tool  aud  weapon  made  primitive  property  a  Mict. 
Things  that  are  merely  iraiiaieni  with  tbe  animals  have  become  fixed 
and  permanent  with  man.  .\nioQ;;  other  things,  Petrncci  holds  that 
the  family  is  not  a  social  nnit.  but  "a  formation  ^«^j^."  that  social 
evolution  is  not  bound  up  with  organic  evolntton,  nor  is  the  siicial 
phenomenon  connected  directly  with  intellecinal  evolotion.  In  ■ 
chart-ap;ieudix  i&  giwu  a  conspectus  of  the  "comparative  sociology  of 
the  phenomena  of  property." 

Professor  Wodon's  "Errors  of  Method  in  the  Study  of  Primitive  Mao" 
ta  au  incomplete  and  rather  unsuccessful  eBort  to  controvert  the  prin. 
cipal  theses  iu  BUchet's  £>ie  £tifitekun£  der  Wifticka/t  and  Arbeit 
und  Rhythmus.  Thevicvrsof  Biichcr,  which  are  particularly  antag- 
onued,  are  the  fi^ueral  theory  of  the  noa.ecoQamic  and  non-iiidu»trial 
character  of  the  condition  of  primitive  man  (Wodou  styles  it  "eco- 
Bomic  chaos);"  the  doctrine  of  the  economic  separation  of  the  sexes 
(Wodon  maintains,  e.  x_-<  that,  in  the  case  of  the  Indians  of  the  Xingn 
in  Brazil,  where  sex-distiDCtions  iu  labor  arc  repotted  to  exUt,  Uie 
distribution  of  work  between  the  sexes  is  really  iu  correlation  witb 
their  natural  aptitudes;  the  divisiou  of  la)>ur  iu  vogue  here  has  noth- 
ing in  common  with  the  "isolation"  of  BQcher):  and  the  theory  that 
work  has  developed  out  of  non-work,  play  aud  art  having  existed  be- 
fore the  serious  activities  to  which  the  name  of  "work"  may  be  given, 
while,  rhythm  has  been  one  of  the  priucipsl  ccooomic  factors  of  evo- 
lution- In  combattinjf  Biichcr,  Wodon  makes  good  use  of  tlie  male- 
rial  LnGrotae's  Dt't  An/Snge  der  Kunst  and  Die  Formtn  der  FamHie. 
According  to  the  anttaor.  Uticher's  primitive  mania  "a  mere  phantom. 
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lesi  real  cTcn  than  the  homo  a^conomicus  of  the  classic  economittt," 
But  Ibis  cont«'Dlion  needs  mnch  more  proof  than  is  rotiehufed  in  tUi 
Bmall  moDOKrapfa. 

The  articles  of  C.  Henry  and  the  "Note"  of  B.  Waxweiler  aretntth- 
ematical  stuiliea  of  tbc  socialogical  problem  of  the  measuremcDt  ol 
the  iutvilevtual  and  "energetic"  capacities  of  a  given  collectivitT. 
The  three  papers  of  Henry  treat  respectively  of  "the  criterinm  of  it. 
rcilucittilily  of  statistical  ememblts."  "The  decotapoaition  of  paeode- 
binomial  curves  into  binomial  curves."  and  "cotes  et  metures."  Dt. 
E.  HouEi,  the  author  of  the  monograph  on  "The  Aryan  and  Aothro- 
po>ftocioloKy,"  is  Professor  of  AuIhropoioKy  at  the  University  of  Bras- 
■els,  and  his  nio)  ia  to  show  that  the  "so-called  Aryan"  is  "sot  a 
pritnittTc  people,  but  an  inrentiou  of  the  aindy-raoni,"  and  that 
"autbropo-socioloKy"  and  its  alU'K^d  "lawa"  are  based  on  "faoda- 
mental  errors,  statistical,  anatomical,  physiologtcal,  psycholoetcal 
and  historical."  In  the  ^rnt  part  of  bis  study  Profcxsor  Houxfi  dia- 
cusses  the  "Arysii"  frooi  llic  hit^aiHlic.  hi!«tnriiral.  arcbH?oIo|jical  and 
an thropo logical  points  of  view,  reaching  the  conclusion  that,  after  all 
"there  is  no  Aryan  cjuestion,"  and  that  it  laabanrd  to  recognise  among 
tbevsrious  peoples  of  Knrof»e"0Wf  hnman  tync  su{)crior  to  all  others 
and  lh€  factor  in  all  ciritir-atiuns."  The  raorptiological  Aryan  does  not 
exist;  never  ban  txitted;  and  archaeologic  Kcarcb  (or  him  is  utterly 
Tain.  Ar^an  litiguiKtics  is  a  deceitful  (bmg  and  has  beeu  responsible 
for  msov  vagiiries  of  "science  "  Kurupe  has  been  the  scene  of  the 
dcrclopment  of  intcrcMtiig  forms  of  human  caltnre,  but  their  inapira- 
tiou  ban  not  been  chiefly  "Aryan"  nor  Asiatic.  The  second  p«rt  of 
tbc  mouDgrapfa  is  devoted  to  "nuthmpology,"  and  in  it  the  anthor 
points  out  that  just  aK  all  civilization*  have  been  prodnced  by  peoples 
and  not  by  special  types,  the  value  of  intelligence  can  never  be  re- 
vealed by  examiantions  of  human  skalU; — all  theories  seeking  to 
make  psycho- physiological  deductions  from  craniamttry  are  necessa- 
rily false.  The  "pseudo-Bothropology"  of  Lapouge  and  his  acbool 
receives  special  attention  in  the  third  section,  on  "anthropo-sodology," 
which  is  styled  a  (utile  attempt  to  mix  two  distinct  science*-  This 
book  is  interesting  reading  for  those  wmong  ourselves  who  have  added 
to  the  "Aryan"  by  imagining  an  "Anglo-Saxon"  as  the  goat  of  bii 
conipletedcveloptuetit.  One  is  »«  non-exiatent  na  the  other,  if  we  be- 
lieve Hona€.  Ai.xxA}(OKK  P.  CuamsbhLain. 

L'Agrandisscmeut  et  Is  Proximitc  Apparentea  de  la  Lnnek  L'Borizoo. 
Ud.  Clapaidde.     Archives  de  Psychologic,  1906,  V,  131-146. 

Preliminary  to  presenting  his  own  views  Claparide reviews previo' 
theories  put  forward  lo   account  for  the  fact   that  the  moon  ap 
larger  at  the  horizon  Ihau  at  tbe  zenith. 

The  theories  he  discusses  and  pntssxide  as  false  or  inadequate  arere^ 
fraction,  pupilary  dilation,  fall  of  the  crystalline  lens,  comparison, 
contrast,  direction  of  the  glance,  overcfttlmatioa  of  angles,  weakness  of 
peripheral  vision,  further  di*ti>in:c  ni  horizon.  The  last  theory  seems 
to  him  the  most  tenable  and  he  czplainx  it  in  some  detail.  It  depends 
on  the  well  established  law  of  vision  that  for  a  given  retinal  imag«  the 
object  correspoiiHing  to  that  imnge  seems  larger  where  it  Is  jndged 
more  distant.  The  moon  is  jadgcd  further  awav  at  the  horizon  and 
hence  is  seen  larger.  But  agsinst  this,  Claparlde  brings  forward  a 
aeriea  of  experiments  wade  by  himself,  and  others  by  Zotb,  showing 
that  to  t3o  out  of  t35  persons  the  moon  appears  not  further  away  at 
tbe  horizon  but  much  nearer. 

In  Older  to  hold  the  classic  explanation  and  at  the  same  time  ac- 
count for  the  fact  as  established  by  ClaparMe's  experiments  that  tl 
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loon  at  the  hoiizAo  app«ari  nearer,  we  mu*t  suppoae  that  two  can- 
cadictorj  judgmeau  cau  tiike  place  ta  the  »ame  miud  at  the  latoe 
ime: — first,  the  mooa  at  the  borixon  is  more  dUtant  and  therefor*  is 
een  larger,  and   aecocd,  the  moon  is  larger  and  therefore  nearer. 

By  means  of  an  cxperiuieut  with  atereotcopic  ituagea  obtftlued  by 
convergence  and  divergence,  ClaparMe  fonnd  that  the  image  of  direr- 
gencc  which  is  jndgcd  further  nw^y  &ud  therefore  seen  larger,  at 
times  appeared  nearer  than  the  image  of  couvertfCDCe.  thus  prorjag 
the  possibility  of  two  contradictory  judgments  taking  place  at  the 
same  time. 

But  eveu  though  this  be  ao,  the  hypothesis  seems  improbable  aad 
CUparMcialcd  to  look  for  thecaaseof  the  ttluaioa  in  aaotbersphere, 
in  tlic  region  of  aBection  rather  than  of  mere  perceptiou.  Our  aUective 
attitude  in  perceiving  the  moon  at  the  horizon  difiers  from  that  in 
perceiving  the  moon  at  the  zenith.  In  the  first  case  we  regard  the 
moou  as  a  terrestrial  object  cither  because  it  is  uot  at  first  rccoguized 
or  because  it  is  in  the  terrestrial  zone.  Xow  objects  in  the  terrestrial 
cone  interest  as  more  than  objects  in  the  aky.  This  change  in  im- 
portance we  translate  into  a  change  in  atxe.  Because  the  moon  at> 
tracts  more  attcutioa  at  the  horiioa,  we  see  it  larger. 

To  cctablisb  this  factor,  ClaparMe  experimented  with  a  pietare  to 
which  two  moons  apoesr,  ouc  at  the  horiitou,  the  other  at  the  zenith, 
and  causeil  each  to  disappear  in  turn  by  meaos  of  a  small  black  disk 
put  over  it.  Fourteen  out  of  twenty  persons  who  observed  the  picture 
wot  the  Illusion  of  the  moon  at  the  horlzou  as  larger.  Here  ucilhcr 
aistance,  (orm  of  thr  sky,  direction  of  the  glaace  coald  play  the  least 
r6)e.  The  aflectlve  factor  must  have  been  the  only  one  operative  to 
cause  the  illu.<tton. 

But  fonrteen  affirmative  judgments  oat  of  twenty  is  not  sufficient  to 
establish  any  conclusion,  The  outcome  of  the  paper  has  been  simply 
to  leave  the  problem  richer  by  two  nnprored  hypotheses. 

Sryn  Mawr  College.  V.  Rodihson. 

J}u  5>chaisung  von  Bewegungsgrbsien  bei  VoderarmbwegHngen.  Roa- 
WRU.  P.  Angirr.    Zcits.  f.  Pay.,  1905,  Vol.  XXXIX,  pp.  439<447. 

The  movements  studied  were  of  the  elbow  joint  only,  with  the  utn 
moving  horijioiitally.  The  niovemeuts  compared  were  always  in  the 
same  direction  and  between  objective  limits.  ThedistancesTorled  be- 
tween 9.2  cm.  and  10.8  ciQ.  with  one  of  the  twodialances  compared  aU 
^Raysiocm.  Angier  was  the  only  subject.  Several  series  of  experiments 
were  made  (always  with  closed  eyes)  to  test  the  iiifiaetice  oa  the  dis- 
criminaiiou  sensibility  of  differences  in  rapidity,  in  resistance,  in  posi> 
tioa  of  the  starling  points  of  the  moveiueuts  compared  and  also  to 
compare  the  precision  of  Judgment  in  active  and  in  passive  more- 
ineDtS. 

His  results  arc  summarized  as  follows:  The  precision  with  which 
length  of  movement  is  estimated  (at  least  in  the  case  of  the  ecperi- 
metiter )  is  affected  neither  by  resistance  nor  by  chauge  in  the  position 
of  the  arm  (provided  oew  muscles  be  not  brought  into  pisy),  nor  yet 
by  the  passivity  of  the  movement.  A  constant  error  Is,  however,  in- 
troduced when  the  velocity  of  the  comparison  movement  is  made 
greater  than  that  of  the  standard.  In  that  case,  the  comparison  move- 
ment is  overesdmatcd  in  93%  of  the  wrong  jadgments.  For  passive 
movements  the  proportiou  rises  to  94%.  In  tbeae  comparisons  the 
standard  movement  was  made  at  a  rate  cslled  'natarar  by  tha  author. 

The  conclusions  of  previous  experimenters  agree  with  these,  or  at 
least  do  not  contradict  them,  with  regard  to  resiiitaucc,  position  and 
iviiy.    On  the  qaestioo  of  Telocity*  bowevet,  DeUbarre  and  Loeb 
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reached  diiectlyoppos)t«  conclnsioos.  Thcjr  fonod  that  quickly  made 
monmentB  were  ondercsti mated.  Pallc  affirmed  that  the  velocity 
was  without  in6uence  on  the  jadgment  of  len^b. 

In  attemptinti  to  accouut  for  the  conslant  error  due  to  velocity, 
Angter  remarks  that  it  cannot  be  due  to  the  stronger  mnKcnlar  con- 
traction which  lalcea  place  in  swifter  moveiuents,  *ince  the  same  error 
appears  when  the  movements  are  passive.  He  finds  the  source  of  the 
error  in  the  e^ect  of  the  greater  momentum  of  ibe  rapidly  moving 
arm.  On  comiujc  in  contact  with  the  limiting  objects,  a  tort  of  re> 
boand  takes  place,  the  outcome  of  which  is  an  'Irradiation  of  stimn- 
tUK'  in  the  ]oini,  hence  the  overcstimation.  But.  however  one  may 
account  for  the  velocity-resullit  of  Aaxier.  bis  experiments  wt  well  as 
those  of  his  predecessors  (Bloch,  Kramer  Moskiewici.  and  Palk),  con- 
firm the  concluaion  of  Golrtsrheidcr  that  the  jiKiRment  of  length  of 
movement  depciuls  esaculially  upon  joiut-scuaations. 

The  investigations  of  Ansier  and  of  his  predecessors  leave  much  to 
be  desired  on  the  score  of  accnracy  in  tbe  determination  of  the  velor- 
ity.  Anoicr  uacd  a  metronome  to  time  himself;  the  otheraappareutl)' 
dfd  the  best  they  could  without  the  help  of  any  apparatus.  Further 
progress  in  the  study  of  constant  velocity-errors  will  depend,  it  seems, 
upon  a  method  which  will  make  possible  exact  nieasuieiueut  of  tbe 
rate  of  motion  and  apon  a  wider  range  of  experimentation  with  re- 
gard to  tcngtb  and  direction  of  the  movementa  compared. 

Brya  Mawr  College.  James  H.  Lat^Ba. 

Sfx  and  Society,  studies  in  the  social  psychology  of  sex.  By  W.  I. 
Thomas.  University  of  Chicago  Prt«*,  1907.  pp.  395. 
The  nine  papers  here  printed  arc  essentially  disconnected,  hnving 
all  been  previously  printed  in  jouraals,  mostof  them  iu  tbe  American 
JouroAl  of  Sociology.  They  are  of  extremely  difierent  degrees  of 
merit.  In  the  chapter  on  the  psychology  of  tnoilesty  and  clothing, 
theautbor  shows  A  ivts'ietuhle  iguo'rance  of  tbe  best  literature  on  tbe 
subject,  atthongb  he  mnkes  one  or  two  interesting  and  novel  sugges* 
tions.  Tbe  ailvcnturous  character  of  women  is  made  up  of  certain  re- 
flections of  tbe  autbor  and  is  the  most  oiieiual  chapter  Id  the  book. 
In  the  Riind  of  man  and  the  lower  racct  s{;am  the  author  i«how5  airangc 
ignorance  of  the  )>c«t  literature  upon  this  subject,  allliougb  some  ol 
his  suggestions  are  frt:*h.  The  chapters  on  the  relations  between  sex, 
primitive  inriustry  and  morality  arc  interesting  com peuds.  As  a  whole 
the  niulior  showK  a  uni(|Ue  combination  of  freshness  of  thought  and 
partial  scholarship  that  is  rather  characteristic  of  what  is  popularly 
tbonght  to  the  Western  typeof  mind.  Here,  he  glides  smoothly  over 
waters,  the  depth  of  which  he  does  not  dream  and  bis  remarlcs  are 
trite  and  commonplace  In  the  extreme.  A  few  pages  later,  be  drops 
suggestions  that  are  well  calculated  to  stimulate  new  thought.  Tbe 
author  probably  uiaile  uo  cHurt  to  cover  iu  any  systematic  way  tbe 
eronad  designated  by  his  title.  The  critic  is  therefore  somewhat 
oafBed  between  a  desire  to  congratulate  and  praise  and  the  sense  that 
be  ought  to  censure.  The  Utlc  of  the  book  is  suggestive  of  (ar  more 
than  It  coDiaitts  and  this  leaves  the  writer  and  the  publisher  somewhat 
open  to  the  suspicion  of  being  unduly  anxious  to  produce  something 
that  would  sell. 

Dif  Abstatnmmng  des  Stcnseken  unddie  Segingunf^en seiner  Enimck' 

ritng  Fur  Nalarjorsekcr  Artse  und  gfbiidete  Laien  dargesUItt 

von  Dr.  MoKiTz  AlsbSKC.     T.  O.  Fisher,  Cassel,   1901.     pp.  248. 

The  writer  seeks  to  show  that  there  can  be  no  doubt  of  u  former 

diluvial  msu  of  low  culture,  quite  distinct  from  modem  races.     Han 

is  not  at  the  head  of  the  animal  kingtlom  in  all  jtarts  of  his  organisa- 
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tioa,  nor  is  the  pithecBntbropns  the  direct  prcdeceator  of  modem 
sun.  The  deTelopment  of  the  Utter  cau  be  traced  to  ft  relatirely  low 
dcTC  lop  mental  stage  o(  tnammalian  life.  Man  la  a  branch  of  a  tree 
which  grew  to  considcTable  height  withoat  branches.  Migrations  of 
primitive  men  probably  gave  the  first  impalae  to  the  oldest  racial 
types.  The  smaller  stature  of  women  haa  DOthing  to  do  with  tbc  dif* 
ferent  locial  positions  in  the  pftst. 

The  Biology.  Physiology  and  Sociology  0/  ReprodueHon:  ftlao  Sexafti 
Hygiene  with  special  reference   to  the  mate.     By  WiWFiBLn  S. 
IIall^  1906.     Herbert  A.  Ray,  Chtctgo,  1906.     pp.  138. 
The  author  treats  reprodnctlon.  esscDtially  from  the  standpoint  ol 

biology  and  giTi-9  an  introdnetory  chapter  treating  of  egoistic  and 

¥hylctic  activities  Bud  sacri6ccsand  compensation  in  both  these  fields, 
he  rearing  of  vouqr  always  involves  sacrifice  and  sbonld  be  met  con- 
acionsly  in  the  interests  of  the  race.  The  second  chapter  describes  the 
j^yaical  and  psychical  changes  connected  with  adolesccuce.  Tbc 
third  is  devoted  to  the  anatomy  and  physiology  of  the  male  organs 
and  the  last  to  the  sexual  hygiene  of  the  adolescent  male  with  csuentcly 

£lain  talk,  upou  illicit  intercourse,  sexual  diseases,  continence,  diet, 
iths,  exerciae.  sleep  and  the  control  o(  these.  In  an  interesting  ap- 
pendix, typical  questions  selected  from  those  actually  asked  the  lec- 
turer hy  young  men  are  answered.  The  book  certainly  has  the  merits 
of  brevity  and  of  plainness. 

Der  Mensch  und  seina  TrachI  ihrem  Wean  nacfi  geahUdert,  von 
PuTz  Rtjurp.  Mil  39  TafelD.  Alfred  Scboll,  Berlin.  1905. 
PP-  330. 
This  work  is  of  very  great  value.  The  aatbor  baa  gone  very 
deeply  into  bis  snbject  and  the  few  doxen  cms  at  the  end  otthe  hook 
are  well  chosen  from  a  mosa  of  possible  selections  ao  vnat  as  to  make 
duncehard.  Oni  chief  criticism  of  the  work  Is  that  it  is  ovcr-sys. 
ttmathed.  For  instance,  his  main  diTisJoos  are  coAtnmes  for  pilgrims, 
soldiers,  vocations  and  society.  I'ilgrim'a  costumes  are  clansibed  as 
for  warmth,  (or  coolness,  for  dryness  and  for  health.  Soldiers'  cos- 
tumes are  for  Sight,  defence,  capture,  battle,  striking,  thrusting. 
The  utility  garbs  sre  for  huntin|{,  herding,  building,  travrl,  unifor- 
mity. The  social  costumes  are  tuoit:  that  disLluguisb  sex.  race,  rank, 
associations,  etc.  Among  the  supplementary  co^tumea  are  those  that 
appeal  to  the  ear,  nose,  tante,  touch.  The  author's  historic  studies 
have  been  extensi^-c  and  careful.  The  work  is  written  rather  more 
from  an  anthropologicnl  than  from  a  philosophical  or  psychological 
standpoint. 

Dit  SchSpfungsiage,   Umritst  xu  eitur  EnlnricielMngsgtS(hi(Mtt  dtr 
Natur.    Von  W1UIF.1.M  BoLfCHB,  mlttcbnBildern  nach  Original- 
oeichnangen  von  lleiarich  Harder.     Carl  Reissner,  Dresden,  1906. 
pp.88. 
Within  the  last  few  years  w«  have  had  a   number  of  iutcreeting 
attempts  to  present  a  brief  outline  of  evolution  to   school  children. 
This  seems  to  the  writer  the  most  sncccssfnl  of  the  few  dozen  or  so 
tkat  have  yet  appeared  and  that  have  come  within  his  kuoniedge.  but 
oerertheless,  to  be  still  unsatisfactory.     It  ought  to  come  fnlly  down 
to  man  and  to  our  thinking  to  be  even  more  fully  illustrated  than  by 
the  ten  full  page  cuts  here  found.     This  field  is  fnll  of  a  kind  of  loom- 
ing mystic  magnitude  and  hence  we  can  think  of  no  domain  in  which 
the  scientific  imagination  both  for  artist  and  writer  should  have  freer 
scope.     It  is  this  aspect  of  the  work  that  seems  to  ns  chiefly  lacking 
in  all  the  booklets  of  this  class  and  it  Is  toward  this  general  cbarac- 
tcriuUon  that  evolalionary  principles  are  slowly  progrew' 
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Th«  Low  of  Smfgestion,  a  comptmiitim  far  the  people.  By  Rxv. 
STANL8V  LbFhvrb  Krbbs.  Science  Preu,  Cblcago,  1906.  pp.  157. 
This  little  book  sketches  (he  ancient  history  of  sngxestioa  with  re- 
cent  experiments  snJ  describes  methods  oF  hypn-otiziuK  Bud  of  ftdmia- 
istcrinf;  saggeatioii,  the  use  of  indirect,  positive  and  negative  suggest- 
ion, refutes  obiecUous,  describes  datiners  and  to  the  last  chapter 
describes  some  extraordinary  phciioniena.  The  great  law  is  iteration, 
a  law  known  to  adTCrtisers  and  moralists,  By  insistingin  season  and 
out  of  season  apon  the  ri^bt  precepts,  conduct  tends  to  work  oot 
character  along  the  same  lines.  Most  dangeTP  ace  imaginary.  The 
author  giTcs  foor  mica  for  the  practice  of  self-control.  They  are  to  ait 
Btill,  stand  still,  look  still  and  be  still  for  two  niinntes  each. 

Etsai  sur  Ui  J^ssiom,  tpKf  Tn.  Vn^cit.  Felix  Alcan,  editeur,  Paria, 
1907.  pp.  19a. 
This  volume  is  written  with  all  the  lucidity,  comprehetuion  and 
incisivenesa  of  the  author  at  his  best.  He  5rst  rllacusses  at  consider- 
able extent  what  pa*iion  really  is.  Here  oar  only  criticlsin  is  that  he 
has  far  too  little  to  say  of  Its  phyletic  origin  which  to  our  mind  is  one 
of  the  chief  problems.  Then  in  the  second  and  third  chapter*  on  the 
geneulo^yol  passion  he  seems  to  Ihe  writer  to  come  little  in  contact  with 
the  rich  and  fruitful  suK^estions  thnr  arise  for  either  the  pnteontolo^c 
or  the  p«ycho-f£eiietic  field.  He  has  evidently  paid  mare  attention 
to  abnocmalitiea  than  to  the  study  of  normal  uevelopmeut  of  pa»- 
aions  in  cbildrea.  The  fourth  chapter  is  a  uoique  specimen  of  a  dis- 
cussion which  while  extremely  iaiereating,  is  yet  cxtrcmt^ly  schematic. 
In  answer  to  the  question  bow  pai^sions  ezpeud  themselves,  they  end 
in  one  of  five  ways:  either  hy  exhaustion,  by  transformation,  by  auh- 
Btitutiou,  in  insanity  or  in  death.  He  very  well  remarks  that  people 
of  intensely  paKionate  uainre  arc  as  rare  as  geniuses. 

Lts  Sttbstituts  de  I'/im^  dans  la  Psyehoiogie  mtkierne,  par  NtcoiAS 
KoilTvLKf  f .  Felix  Alcan,  Paris,'  1906.  pp.  338. 
This  somewhat  startling  title  hardly  justifies  lu  the  end  the  curiosity 
which  it  excites.  The  first  of  the.ie  anWltntes  is  the  chemical  con- 
cepts of  soul  according  to  wtiich  consciousness  is  explained  as  the 
anmmatioti  of  epipheuomena.  Under  the  bead  "  Mechanical  Concep- 
tions of  Ijife."  tile  author  has  treated  At  length  only  j^ender  aud  haa 
little  to  say  of  the  larger  school  of  which  he  is  a  member.  In  the 
third  part,  he  uudertakes  to  criticise  psychical  deliverances  as  they 
are  conceived  hy  Hcring.  VVahle,  Mach,  Avenarius,  Ostwald  and  Ias> 
wits.  Of  all  these  he  is  most  attracted  to  the  view  of  Mach.  lo  the 
fourth  part,  he  attempts  to  co-ordinate  psychic  deliverances  with  those 
of  ohjective  science  treating  of  the  inechaulsm  of  memory,  mental 
imagea,  abstract  ideas,  the  ego,  etc. 

Mental  Devrlopittenl  in  the  Child  and  the  Race.     Methods  and  Proc- 

uses.    By  Ja.ubs  Mark  BAt,DwtN.    With  17  Ggures  and  19  tables. 

The  MacMillan  Co.,  New  York,  1906.    pp.  477. 

This  book  reaches  its  third  edition  in  celebrating   its   full   decade. 

The  author  leav«  it  essentially  as  originally   written,   the  revision 

being  mainly  in  mutter  of  details  and  exactness  of  exposition.     He 

also   anuonnce?   a   signiticant   volume  on   the    principles  of   genetic 

science  in  which  the  ideas  of  his  series  will  be  thrown  toj^ether  into 

concise  and  reasoned  form,     tn  this  volume  thai  is  here  announced, 

the  outcome  of  the  whole  endeavor  will  be  estimated  and  set  forth  in 

relation  to  the  literatare  of  several  sciences  to  which   these  earlier 

books  respectively  relate.     Wc  forbear  here  to  undertake  criticism  of 

this  author's  work  until  the  appearance  of  this  later  volame. 
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la  this  study  an  attempt  is  made  to  sketch  the  psychology 
of  the  game  of  chess,  to  trace  the  stages  in  the  development  of 
a  chess  player,  and  to  interpret  this  progress  in  psychological 
terms.  That  the  task,  owing  to  the  complexity  of  tbe  pro- 
cesses involved  and  the  impossibility  of  applying  anything  like 
satisfactory  objective  tests,  is  a  difficult  one,  is  obvious,  but  It 
is  one  that  seems  to  the  writer  worth  attempting.' 

I.    The  PsvcHoi-CMjy  of  thb  Ga.ub. 

Chess  is,  as  every  one  knows,  a  mimic  battle  fought  upon  a 
field  of  sixty-four  squares  with  pieces  moved  according  to  an 
elaborate  system  and  having  powers  suggestive  of  a  variety  of 
fighting  units.  The  purpose  of  each  player  is  to  checkmate 
his  opponent,  that  is,  to  hem  io  and  threaten  the  laticr's  king 
in  such  a  fasbiontbat  he  is  subject  tocapture  at  the  next  move. 
In  our  discnssion  of  the  psychology  of  the  game  it  will  be  con- 
venient to  consider  it  first  as  a  form  of  human  play  and  then  to 
take  np  more  particularly  the  mental  powers  involved. 

J.     CA^ss  as  a  Form  of  Human  May. 

Forms  and  P^an'^tia  of  the  Game.  The  game  of  chess  has 
not  been  cotifiucd  to  any  particular  age.  race,  country,  or  class. 
It  is  without  doubt  one  of  the  oldest,  if  not  the  oldest,  of  the 
intellectual  pastimes,  and  it  U  the  game  of  skill  par  exalUnce. 
Its  origin  is  not  definitely  known  and  there  have  been  many 
claimants  for  the  honor  of  its  inveution.* 

Especially  iu  its  later  history  the  game  has  developed  a  num- 
ber  of  ofl-shoots  iu  sfiecialties  which  for  many  people  share  the 
interest  of  play  across  the  board.  The  chief  of  these  is  the 
composition  and  solving  of  chess  problems,  which  now  has 
quite  a  literature  and  many  devotees.  Another  is  correspond* 
ence  play,  iu  which  the  strict  rules  of  tbe  typical  game  are 
somewhat  relaxed  on  account  of  the  peculiar  conditions  of  play. 
Others,  practiced  as  feats,  hut  of  cspt-cial  psychological  interest, 
are  blindfold  playing,  to  which  Binet  has  devoted  a  special 
research.*  and  the  playing  of  many  games  atooce  (either  blind- 
folded or  with  sight  of  the  board).  To  some  of  these  special 
forms  we  shall  return  later. 


IL  i«  a  pleunre  to  ackaowled((e  my  indetitedness  to  Profeuor  H. 
C.  Saufora  for  the  luggestiou  of  this  topic  of  study,  and  (or  geoerout 
usUiance  in  fotlowiog  il  out ;  to  Dr.  C.  A.  Drew  sd'l  othem  at  tbe 
Massachutctti  State  Furm  for  courteBies  extended  :  to  those  who  in  the 
CKpacity  of  a-<slMnnts  have  contribatcd  much  to  this  study:  and  to  all 
who  have  answered  nij-  qUFstioDoaire  on  cbcM  or  ansiBled  in  necuHiig 
aiiswvn  toil. 

'The  history  of  chess  may  be  followed  in  Porbcs's  History  of  Chess, 
and  in  llr.  Van  der  Lindc's  book  on  its  history  aod  literature. 

■Biaet,  Alfred:  Fsj'choloKic  dea  grands  Calculatcura  ct  Joueara  d' 
Bcheca,  Deuxi^me  Panie,  Paris,  tS94< 
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Insdnctive  Factors  in  Chtss  Playing.  Chess  is,  as  we  have 
said,  a  game  of  wide  distribution  and  popularity.  Dr.  Kmanuel 
Lasker  states  that  over  one  miUton  English  speakiag  people 
know  the  game,  that  there  are  in  the  United  States,  Kngland 
and  Canada  betwd^n  seven  and  eight  hundred  good  si/xd  chess 
clubs,  many  of  which  have  over  one  hundred  members  each, 
and  that  the  City  of  London  Club  has  over  four  hundred  mem- 
bers;' and  judging  from  the  number  of  chesw  clubs,  chess  periodi- 
cals aud  players  of  high  tank  iu  Germany.  France,  Russia, 
Austria,  and  Poland  chess  is  no  less  popular  in  those  countries. 
If  one  were  asked  what  class  or  classes  of  people  play  chess  one 
might  truthfully  reply  that  all  cla.s.scs  play  it. 

The  question  then  arises;  Why  has  chess  proved  so  widely 
popular  at  all  times  and  in  all  places?  How  has  it  been  possi- 
ble for  a  game  making  severe  intellectual  demauds  to  bold  a 
place  historically  and  in  geographical  distribution  beside  such 
universal  forms  of  human  play  as  gambling,  horse-racing, 
athletics,  and  hunting,  and  to  claim  devotees,  if  less  numerous,  at 
any  rale  as  loyal  as  any  of  these?  The  answer  is,  of  course, 
tbat,  in  common  with  a  multitude  of  other  games  and  sports, 
it  appeals  to  the  fundamental  instinct  of  combat,  in  a  way  that 
is  direct  and  at  the  same  time  exempt  from  the  anti-social 
features  that  arc  inherent  in  actual  physical  combat.  Here 
lies  a  large  share  of  its  attractivencs,  and  its  capacity  for  stir* 
ing  emotion.  It  lakes  hold  upon  those  suppressed  survivals  of 
savage  impulse  (if  we  are  to  credit  the  savage  alone  with  a  first 
hand  liking  for  a  contest)  which  in  their  modified  exercitsc  have 
been  shown  to  lie  so  targe  a  factor  iu  adult  sport.* 

In  this,  however,  it  shows  but  the  typical  qualities  of  the 
geuns  to  which  it  belongs — that  it  is  one  of  the  strongly  com- 
petitive games.'  Us  own  specific  attractiveness  lies  in  the  fact 
tbat  it  is  a  competitive  game  of  skiU^  more  particularly  of  in- 
tellectual skill  as  opposed  to  merely  manual  or  bodily  dexterity; 
it  is  a  contest  of  scheme  against  scheme:  it  is  a  game  of  gen- 
eralship.* Each  particular  situation  appeals  to  the  player,  not 
only  as  an  occasion  for  attack  or  defense,  but  also  a.i  a  situation 
to  be  met  by  talting  thought,  a  difficulty  to  be  seen  through 
and  overcome,  a  problem  to  be  soK'ed.  There  is,  therefore,  in 
chess  playing  all  the  challeuge  that  lies  in  baffling  but  fas- 
cinating problems  and  much  of  that  which  lies  in  the  solution 
of  puzj^les.  Tbat  the  interest  ia  this  aspect  of  chess  is  real  and 
important  is  abundantly  evidenced  by  the  growth  of  the  chess 

'  l.aa'ker's  CAcji  Afagaziiu,  Vol .  I,  No.  i ,  Not.  1904.     p.  48. 

»  Patrick :  The  PBycbology  of  Football.     Am.  /onr.  Psy.,  Vol.  XIV, 

1903.  PP- 368-581- 
•<ircK>B:  Th«  PUyof  Han,  New  York,  I901.     pp.  173  B. 
*Grooa:  op.  cit.,  p.  190. 
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*'probl<Mn,"  of  which  we  shall  have  more  to  say  presently. 
Lindley  in  his  "Stody  of  Puiczles'"  holds  it  likely  that  in  the 
puzzle  solving  [lassion  we  have  a  form  of  the  preparatory  play 
impulse  to  which  Groos  rightly  attributes  so  much  of  both  ani- 
mal and  hninan  play.' 

Still  aoother  factor  of  interest  in  chess  is  the  pleasure  of  in- 
vention  and  origination,  the  pleasure  of  being  a  cause.'  In  the 
returns  of  my  correspoudents  a  decided  preference  is  expressed 
for  original  plans  of  attack  and  defeuise.*  Most  say  that  they 
get  away  from  the  standard  book  plays  as  soou  as  possible  after 
the  first  few  moves.  Some  say  that  they  play  from  book  not 
from  choice,  but  from  necessity:  but  most  say  that  while  they 
follow  the  book  openings  for  a  few  moves,  they  prefer  to  get 
away  from  them  as  soon  as  they  possibly  cau  without  detri- 
ment to  their  game.  They  prefer  their  own  game  because  it  is 
more  real,  and  is  a  better  representative  of  their  own  ideas. 
As  one  player  puts  it.  "  There  is  Hltlc  satisfaction  in  catching 
your  opponent  on  a  line  of  play  that  you  have  simply  memor- 
ized." There  are,  also,  of  course,  various  practical  reasons 
for  this  prefereuce.  An  original  plan  throws  both  players  ou 
their  merits  and  removes  the  game  at  once,  so  far  as  possible, 
from  a  mere  memory  exercise,  thus  depriving  a  player  of  the 
advantage  which  a  superior  memory  or  a  better  knowledge  of 
book  games  might  give.  There  is  an  advantage  to  the  player 
himself  in  an  original  plan  in  that  his  game  is  more  likely  to  be 
a  unit  and  consequently  more  consisteotlv  played  than  one 
partly  remembered  and  partly  originate<l.  While  the  inability 
to  remember  particular  lines  of  play  is  undoubtedly  a  determining 
factor  in  the  choice  between  an  original  plan  and  what  u  known 
as  book  play,  nevertheless,  there  is  something  attractive  about 
a  game  which  one  feels  to  be  his  own,  especially  if  it  is  suc- 
cessful. 

In  summary  we  may  say  of  chess  as  a  form  of  human  play 
that  in  the  first  place  it  is  a  contest,  and,  as  such,  it  appeals  to 
the  fundamental  fighting  instinct,  the  instinct  which  in  every 
normal  individual  impels  him  to  measure  bis  skill  wtth  that  of 

■  Mndle^  ;  A  Study  of  FdixIcs,  Wm.  Jour.  Psy.,  VIII,  1897,  pp.  431- 
4QJ,  especially  p.  437- 

^Groo«  :  op.  cit..  pp.  ^  ff. 

»Groo»:  op.  cit.,  p.  385. 

*Io  order  to  supplenicnt myowaobsecTationsand thoscof  my  assisf- 
«nl»,  nqacatiounairc  was  submitted  to  chess  plajfcraof  dificrentRradea 
u[  ability.  The  list  of  players  answering  is  a  faiily  representative  one 
and  containii  the  names  of  some  of  the  beat  amatears  of  the  United 
States  aitd  Canada.  Some  of  the  data  from  this  lource  arc  apecificaily 
Include')  in  this  studj,  bnl  in  many  other  cases  the  snbttaace  of  the 
views  expressed  baa  ttceo  incorporated  witbont  more  acknowlcdg- 
meat  than  is  here  made.     Atwut  100  answers  iu  all  were  obtaiued. 
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others.  In  the  second  place  chess  offers  its  derotees  oppor- 
tunity to  exercise  their  ingenuity  in  the  solution  of  problems 
and  p\i7jXes.  a  form  of  pleasure  that  may  well  rest  npon  that 
general  interest  iu  the  unknown  which  at  one  time  must  have 
bad  the  greatest  survival  value.  It  would  seem  further,  that 
intellectual  activity  is  indulged  in  for  the  pleasure  which  such 
activity  gives  in  itself,  and  sport  of  this  kind  is,  perhaps,  an 
expression  of  the  general  play  instinct.  "Intelligence,''  as 
Lindley  holds,  "is  no  exception  to  the  law  of  exercise.  Just 
BS  those  animals,  which  by  fortuuate  variation  were  born  with 
a  tendency  to  indulge  iu  preliminary  exercise  of  those  activities 
which  were  to  serve  the  serious  ends  of  adult  life,  were  favored 
by  natnral  selection,  and  were  able  to  transmit  such  advantages 
in  the  form  of  general  play  instincts,  so  in  a  more  special  way 
those  creatures,  endowed  with  the  strongest  tendencies  to  ex* 
ploit  the  intelligence,  may  have  perpetuated  this  superiority  at 
a  general  intcllectnal  play  instinct."  '  Again,  llicchess  strategy 
of  an  individual  is  largely  the  product  of  his  own  brain;  it  is 
his  own.  and  merely  as  such  is  interesting  to  him.  No  matter 
where  or  how  he  got  his  knowledge  of  the  game,  if  he  is  any- 
thing of  a  player,  he  has  assimilated  it  and  made  it  a  part  of 
his  mental  self,  and  his  game,  in  turn,  reflects  something  of  his 
personality.  There  is  also  what  might  be  termed  a  secondary. 
derived  or  sestbetic  interest  in  chess,  namely,  in  the  finer  and 
subtler  points  of  the  game,  in  what  the  chess  world  calls  its 
"brilliancies."  Appreciation  of  and  consequent  admiration 
for  the  skill  of  others  is  a  contributory  element  in  this  pleasure. 
And  finally  it  is.  notwithstaudiug  its  own  exacting  demands,  a 
means  of  mental  relaxation  and  as  such  is  attractive  to  the 
mental  worker. 

9.    GkNMRAL  FxATUKHS  of  CuUSS  PBOU  a  PsVCBOLC^GtCAL 

Point  op  Vibw. 

T^f  BmoHonal  Effedi  of  FHay.  We  have  already  alluded  in- 
cidentally to  the  emotions  which  may  be  stirred  by  the  chess 
eoml>at.  The  desire  to  win  is  fundamentally  connected  with 
the  fighting  instinct. '  Young  and  ardent  players  especially 
fiud  the  elation  of  victory  and  the  bitterness  of  defeat  by  no 
means  smalt;  they  work  hard  at  the  game  and  feel  the  outcome 
in  proportion  to  their  eBbrts.     The  chess  manuals  and  roaga- 


*Liiulley:  op,  at.,  p.  437. 

'Thia  instiact  in  ibrh,  we  »re  told,  i«  beitif;  grsdualljr  oTcrcotne  or 
tuppressetl.  It  would  be  intercstinj;  to  note,  however,  whether  in  the 
contcsit  which  still  eive  opportunity  for  it,  there  ia  avij  IcsMnlng  of 
the  desire  to  wilt,  aim  whether  iudividiials  change  st  ill  in  thi»  re- 
gard.  The  fact  prohably  is  that  the  instinct  ib  chKDglng  its  form  with 
•octal  preasore,  but  losing  little  of  its  native  power. 
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zines  repeat  suggestions  as  to  bow  one  should  wear  his  laurels 
or  accept  defeat,  but  in  spite  of  this  well  intended  advice  every 
chess  club  has  its  members  who  invariably  make  excuses  for 
every  lost  game.  A  good  many  players,  however,  have  the 
sportsman's  feeling  strongly  developed  and  are  not  unpleasantly 
aJSected  if  they  are  conscious  of  having  played  well.  Tbey  do 
uDt  enjoy  winning  if  their  victory  Is  the  result  of  a  "fluke"  on 
their  own  part  or  of  a  palpable  oversight  on  the  part  of  their 
opponent. 

Personal  and  Temperamental  Differences  of  Players.  The 
opinion  is  general  among  chess  players  that  a  man's  tempera- 
ment enters  into  bis  play  and  determines  its  style.  Many  of 
my  correspondents  state  that  they  have  recognized  and  ofteo 
utilized  this  factor  in  actual  play  by  forcing  an  opponent  to 
adopt  a  line  of  play  for  which  he  was  unfitted  by  temperament. 
For  example,  a  slow,  careful  game  is  played  against  the  aggres- 
sive and  daring  player,  who  is  ofieu  provoked  by  these  Fabian 
tactics  into  recklessness  and  loss. 

Chess  players  are  also  very  firm  in  the  belief  that  one's 
game  is  an  index  of  his  character  in  &  wider  sense,  and  no  one 
will  be  likely  to  deny  that  the  fundamental  traits  of  character 
are  revealed  in  unimportant  matters  especially  when  one  l>c- 
comes  so  deeply  absorbed  that  he  forgets  all  else.  Chess  ofier» 
JQst  such  an  opportunity  for  deep  absorption,  and  it  is  not  un- 
reasotiable  to  suppose  that  one's  real  rather  than  his  conven- 
tional character  will  reveal  iu^elf. 

3.   AXTAINHaNTS  OF  PlAVBRS  OP  AVBKACB  EXPBRIENCB. 

In  order  to  form  some  conception  of  the  skill  and  knowledge 
which  a  chess  player  of  average  experience  possesses,  let  us 
consider  (a)  his  ability  to  plan  moves  ahead  and  to  anticipate 
those  of  his  opponent;  (b)  to  disentangle  a  complicated  situa- 
tion; (c)  to  reconstruct  the  status  of  an  unfinished  game  from 
memory;  and  lastly,  (d)  his  "position  sense."  For  informa- 
tion on  these  points  I  shall,  of  course,  have  to  depend  almost 
wholly  on  the  replies  of  my  correspondents. 

Ability  to  Plan  Afoves  Ahead.  It  is  evident  from  the  variety 
of  answers  to  the  questions  on  these  points  and  the  qualifica- 
tions attached  to  many  of  them  that  the  questions  were  inter- 
?reted  in  a  variety  of  ways.  Some  points  seem  clear,  however. 
he  number  varies  from  position  to  position,  isdependeut  upon 
the  number  and  positions  of  the  pieces  and  the  player's  physi- 
cal and  mental  condition  at  the  time.  Very  few  stated  any 
definite  number  of  moves  which  they  thought  tbey  usually 
planned  ahead,  but  allowed  a  considerable  margin.  The  fol- 
lowing are  typical  of  the  answers  received: — "five  to  ten," 
"two  to  six,"  "two  to  ten,"  "six  to  ten,"  "three  to  seven." 
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Very  few  state  that  they  are  nnable  to  plan  at  least  three  moves 
abeitd  in  a  complicated  situatioa.  Pour,  five,  and  six  are  favor- 
ite uumbers. 

Most  state  that  they  can  anticipate  as  many  of  their  oppo- 
nent's moves  as  they  plan  for  themselves,  and  that  they  do  so 
habitually.  A  fen  state,  on  the  other  band,  that  they  can 
anticipate  only  a  much  smaller  number  of  their  opponent's 
moves. 

Almost  without  exception  my  correspondents  nrrite  that 
practice  has  greatly  increased  l>oth  nnmbcrs,  but  especially  the 
nnmber  of  the  opponent's  moves  that  can  be  foreseen.  A  few 
who  have  played  a  great  many  years  or  who  seldom  play  now, 
say  that  the  number  has  decreased.  While  witb  most  players 
the  increase  in  number  has  been  considerable,  the  increase  in 
accuracy  has  been  the  main  gain.  The  beginner,  owing  to  the 
great  number  of  possibilities,  is  not  able  10  plan  far  ahead  and 
scarcely  thinks  of  hts  opponent's  plans  at  all.  A  little  later  he 
plans  two,  three,  and  four  moves,  but  he  overlooks  so  many 
possibilities  that  his  plans  are  practically  worthless.  Progress 
m  this  regard  consists  first  in  the  increasing  ability  to  perceive 
the  must  likely  and  feasible  continuations  both  on  his  own  part 
and  that  of  his  opponent;  second,  in  refb.'dng  to  reconsider  lines 
of  play  after  going  over  them  carefully  once  and  discarding 
them;  and  third  in  increased  ease,  rapidity  and  accuracy  in 
calculation. 

Visuai  Imagination,  It  was  asked  "  Can  you  imagine,  pic- 
torially,  what  difference  in  the  position  a  move  would  make,  or 
are  you  absolutely  without  such  an  image,  relying  wholly  on 
successive  a.-wociations  of  one  move  with  anotber?"  The 
answers  seem  to  indicate  that  there  are  three  clasiscs  of  players 
in  this  regard.  There  are.  first,  those  who  have  a  clear  visual 
picture  of  the  situation  as  it  will  appi-ar  after  a  series  of  moves; 
secondly,  those  who  have  some  visual  picture,  but  rely  also  on 
successive  associations,  in  verbal  or  possibly  motor  terms,  of 
one  move  with  another,  that  is,  they  are  unable  to  picture  a 
resulting  situation,  but  must  build  it  up  move  by  move  by 
means  of  visual  and  other  kinds  of  imagery.  With  these  players 
the  final  term  is  probably  held  in  verbal  terms.  The  last  class 
of  players  are  Lhose  who  are  without  a  visual  image  of  any 
sort-  The  first  class  is  perhaps  the  smallest.  The  players  in 
this  group  state  that  the  presence  of  the  pieces  is  not  only  not 
an  aid  in  planning  combinations,  but  that  it  is  a  positive  hind- 
rance. They  have  difficulty  in  imagining  a  piece  in  a  changed 
situation  or  on  a  square  which  is  at  that  time  occupied  by 
another  piece  when  the  pieces  are  on  the  board  before  them.* 


■  Binet :  op.  eit.,  p.  136, 
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Binet  quotes  Selkirk  approvingly  as  saying  that  in  working 
out  a  plan  one  is  obliged  to  represent  to  himself  the  position  of 
the  pieces  after  each  supposed  move  and  that  the  sight  of  the 
boaid  ooly  confuses.  Dr.  Tarrasch,  the  German  master,  holds 
that  all  games  are  played  in  part  without  sight  of  the  board 
and  that  consequently  visual  imager>'  is  an  essential  factor  in 
planning  movcsahead,  especially  in  far  reaching  combinations.' 
This  statement,  it  seems  to  the  writer,  is  valid  only  for  players 
of  the  Grst  class  meutioued  above.  The  players  of  the  second 
group  have  some  picture  but  find  the  presence  of  the  pieces  in- 
dispeusable;  while  those  of  the  third  group  rely  wholly  on  the 
presence  of  the  pieces.  In  some  cases  this  dcpendtncc  on  the 
pieces  is  largely  a  matter  of  habit,  siuce  the  players  state  that 
while  they  rely  almost  exclusively  on  successive  associations, 
nevertheless,  they  cau  often  discover  errors  iu  their  games  when 
the  board  is  not  before  them. 

Ability  to  take  in  Large  Srctions  of  (he  Board.  Most  of  the 
players  state  that  when  getting  ready  to  move  they  can  readily 
take  in  the  whole  disposition  of  their  men,  or,  iu  other  words, 
they  can  comprehend  the  board  as  a  whole.  This  ability  to 
take  in  readily  the  whole  disposition  of  the  nieu  is  generally 
regarded  as  one  of  the  signs  of  a  considerable  degree  of  chess 
skill.  Ability  in  this  regard  varies  with  the  physical  and 
mental  condition  of  the  player  and  with  the  complexity  of  the 
situation.  The  ejcplanation  of  the  gaiu  in  skill  of  this  sort 
seems  to  be  that,  as  a  player  progresses  in  skill,  the  game  takes 
on  more  and  more  meaning  and  that  the  individual  moves  become 
more  and  more  a  part  of  a  definite  series  or  of  a  numl>er  of 
series  each  with  some  particular  end  in  view.  The  different 
moves  and  situations,  also,  as  they  are  handled  in  larger  masses, 
are  dealt  with  in  an  incrcasiDgly  symbolic  manuer.  A  more 
detailed  consideratiou  of  this  will  be  taken  up  in  another  sec- 
tion. 

Reamslructum  of  the  Status  of  an  Unfinisiud  Game.  Little 
or  no  trouble  is  experienced  by  most  players  in  setting  up  ao 
un&nished  game  from  memory,  provided  the  game  itself  was 
interesting  and  too  great  a  time  had  not  elapsed.  The  number 
of  pieces  on  the  board  is  also  a  factor,  though  it  would  appear 
that  it  is  not  of  very  great  importance.  A  very  few  state  that 
they  can  do  this  only  when  they  are  playing  regularly.  One 
player  reports  that  he  retains  a  position  in  correspondence  play 
for  a  mouth  without  difficulty,  and  another  that  he  is  engaged 
at  present  in  eleven  correspondence  games  and  that  he  retains 
the  positions  in  all  of  them  without  refereuce  to  his  record. 

DifTerent  methods  are  employed  in  the  reconstruction,  but  all 


1  Bioet:  ibid. 
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are  reducible  to  two  types,  namely,  settiog  up  the  fioal  position, 
and  replaying  the  game  from  the  start.  Some  are  able  to  do 
either.  There  are  different  varieties  of  the  first  metbud.  Some 
seem  to  have  a  mental  picture  of  the  whole  board  and  to  ar- 
range their  pieces  accordingly.  They  have  photographed  the 
situation  as  a  whole  and  the  eye  tells  them  if  anything  is  out 
of  order  or  missing.  Analogous  to  this  in  a  small  way  is  the 
ability  to  see  a  misspelled  word  in  proof-reading.  Others  also 
reconstruct  the  final  position  as  a  whole,  but  do  it  by  remem- 
beriog:  cmcial  situations  and  building  around  them.  This 
memory  may  be  in  terms  of  almost  any  sort  of  imAgery.  but  it 
is  most  likely  to  be  iu  visual  terms.  Verbal  imager>-  also  plays 
an  im|>ortnnt  part.  The  plan  of  attack  or  a  ceitaiu  situation 
in  that  attack,  is  very  oAcn  the  central  point  from  which  the 
position  is  built  op.  This  would  mean  that  the  steps  which 
had  been  planned  ahead  were  al.so  factors  in  the  recall.  Some* 
times  it  is  necessary  to  begin  back  of  the  final  position  at  some 
important  place  and  to  build  up  to  it.  The  second  method, 
that  of  replaying  the  game  from  the  beginning,  means  the  run- 
ning over  of  a  scries  of  succ^-ssi\-c  associaiioiib  aided  and  guided 
by  the  critical  points  and  by  the  general  plan  of  the  whole 
game  which  gives  a  meaning  to  the  individual  moves.  The 
reconst ruction  from  memory  of  a  position  involving  any  con- 
siderable number  of  pieces  is  not  possible  to  most  beginners. 
If  they  are  of  Ihe  photographic  mental  type  they  get  lost  in 
the  mass  of  impressions  which  the  situation  involves,  and  if  of 
the  verbal  or  some  other  type  the  situation  has  not  sufficient 
meaning  to  give  definite  place  and  order  to  <in  many  pieces. 

"Position  Seni£."  Among  chess  playersand  writers  on  chess 
great  strejis  is  laid  on  what  is  called  "position  sense,"  that  is, 
the  knack  of  knowing  in  an  intricate  situation  bow  to  place 
the  men  to  the  best  advantage.  It  is  a  common  observalioa 
that  many  chess  players  are  able  to  tell  at  a  glance  which 
player  has  the  better  position  without  being  able  to  give  off- 
band  any  reason  for  the  opiuion.  It  is  even  stated  that  many 
players  are  able  to  give  a  correct  judgment  at  times  without 
being  able  to  carry  out  the  analysis  necessar>-  to  prove  its  cor- 
rectness. Bird,  the  well  known  English  player,  used  often,  in 
consultation  play,  to  point  out  the  move  with  the  remark  that 
the  others  might  analyze  as  much  as  they  liked,  but  that  he 
felt  and  knew  that  it  was  the  right  move,  and  it  is  said  that  be 
was  generally  right.  With  scarcely  aa  exception  all  who  an- 
swered the  question  stated  that  they  have  noted  a  considerable 
improvement  in  "position  sense."  Many  state  that  improve- 
ment in  the  sense  of  position  and  chess  improvement  are  one 
and  the  same  thing.  This  latter  statement  is  a  little  too  sweep- 
ing, howe\'er,  since  Jt  does  not  necessarily  follow  that  the  mere 
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knoirledgc  of  the  strength  or  weakness  of  a  position  will  en- 
able one  to  choose  the  best  of  the  infinite  posstbttities  which 
arise  at  every  step.  Experience  is  the  blanket  term  which 
most  use  in  the  attempt  to  explain  the  developmeut  of  "posi- 
tion sense."  The  player  is  said  to  "feel"  the  position  or  the 
proper  move.  Some  interesting  reasons  are  given,  however,  to 
account  for  the  ability  to  judge  a  position  at  a  glance.  In 
brief  they  arc  somewhat  as  follows:  The  mind  has  been  drilled 
to  feel  any  deviation  from  principles ;  it  is  due  to  a  vague  idea 
of  similar  situations  leading  to  success  or  failure :  it  is  the 
lecognttion  of  several  fundamental  points  of  strength  or  weak- 
ness; and  lastly,  it  is  a  symbulic  shortening,  a  dropping  out  of 
intermediate  processes  of  inference.  Perhaps  we  should  not 
be  wrong  in  sayitig  that  it  is  all  of  these.  It  is  undoubledly 
the  product  of  experience  and  involves  the  same  sorts  of  psy- 
chic processes  that  are  employed  iu  the  formation  of  general 
ideas — abstractiou  and  generalization.  Players  of  equal  expe- 
rience differ  so  widely  in  "position  scn.se"  that  It  seems  rea- 
sonable to  suppose  that  there  is  a  difference  in  their  native 
endowment  in  this  cap^icity,  just  as.  according  to  Professor 
James,  people  are  differently  endowed  with  the  capacity  for 
memorizing.  "Posiliun  sense"  is,  howe\'er.  not  dependent  on 
memory  alone. 

Difftrait  GraiUs  of  Ckess  Players.  Certain  mental  qimlities 
are  essential  to  the  chess  player  who  attains  any  degree  of  pro- 
ficiency whatever,  and  players  differ  both  in  their  relative  and 
their  absolute  endowment  of  these  qualities.  Master  players 
combine  to  a  mnrked  degree  an  accurate  and  persistent  chess 
memory,  quickness  of  perception,  strong  constructive  imagina- 
tion, power  of  accurate  analysis  and  a  far  seeing  power  of  cora- 
biuation.  It  is  impossible  to  say  just  what  theproper  proportion 
of  these  qualities  should  be,  and  to  be  ideal  it  would  have  to  be 
modified  to  meet  each  new  opponent.  When  these  various 
qualities  are  combined  in  something  like  the  proper  proportion 
we  have  what  is  generally  designated  as  a  separate  quality, 
namely,  "judgment."  But  when  we  say  that  a  player  has 
good  judgment  in  chess  do  we  meau  more  than  that  he  com* 
bines  in  something  like  the  proper  proportions  the  qualities 
which  make  up  the  uniformly  consistent  and  succeiisful  chess 
player? 

4.    Attainubnts  of  tbb  Chhss  Masters. 

We  hove  attempted  to  give  some  idea  of  the  endowment  of 
the  chess  player  of  fair  ability  and  have  avoided  alt  reference  to 
the  remarkable  achievements  of  the  chess  masters.  The  feats 
of  some  of  these  are  certainly  marvcllou!;,  and  one  is  apt  to 
think  that  genins  alone  can  account  for  them.    The  chess  ex* 
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pert  displays  his  skill  under  one  or  all  of  four  fonns,  namely, 
Simultaneous  Play,  in  which  several  games  are  played  at  the 
same  time  against  as  mauyopponeuts:  Blindfold  Play ;  Recapi- 
tulation of  Games  played  by  himself  or  others;  and,  id  actual 
play,  by  the  Announcement  of  the  Eutl  of  the  Game  several 
moves  before  that  event. 

Simultaneous  Play.  In  simultaneous  play  the  lone  player, 
of  course,  never  plays  ajjainst  those  of  his  own  rank,  but  usually 
against  strong  local  players  who  are  able  to  take  advantage  of 
any  oversight.  As  examples  of  what  can  be  done,  the  follow- 
ing, recorded  in  the  different  chess  magazines,  may  be  cited: — 
Gunsberg  played  eighteen  games  simultnncou.'ily  against  as 
many  opponents,  winning  fourteen,  losing  three  and  draning* 
one;  Bird  played  nineteen,  winning  &fteen,  losing  one  and 
drawing  one;  Uerr  Schallop  in  four  and  one- half  hours  played 
forty  simultaneous  games,  winning  tbtrty-tbtee.  losing  five,  and 
drawing  two;  Lasker  played  twenty-two  games,  winning  nine- 
teen,  losing  two  and  drawing  one.  Since  that  time  he  has 
often  played  thirty  games  simultaneously.  As  an  example  of 
therapidityofmovesmade  in  simultaneous  play  Napier's  twenty- 
one  games  should  be  cited.  During  the  fust  hour  he  made 
four  hundred  and  fifty  moves,  an  average  of  nearly  eight  per 
minute.  Of  the  twenty-one  games  he  won  eighteen,  lost  two 
and  drew  one.  Evidently  simultaneous  play  requires  the  ability 
to  focus  the  attention  strongly  oo  a.  idngle  game,  to  baui&h  for 
the  time  being  every  other  game  fi-om  the  mind,  to  call  up  in- 
stantly at  the  sight  of  any  board  jnst  nhat  combinations  it  bad 
been  planned  to  carry  out  there,  and  6nally  to  recognize  and 
meet  a  situation  promptly.  In  all  such  feats  experience  is  an 
indispeu.>iab!e  factor.  The  player  who  plays  several  games  at 
the  same  time  relies  on  his  knowledge  of  position,  gained 
through  long  practice,  to  give  him  a  quick  grasp  of  the  essen- 
tial situations  as  he  passes  from  board  to  Ixiard.'  This  factor 
and  the  power  of  concentration  seem  to  account  for  the  distinct- 
ive features  of  simultaneous  play. 

Recapitulation  of  Games  and  Other  Feats  of  Pure  Memory. 
The  recapitulation  of  games  is  a  feat  of  memory  pure  and  sim- 
ple. The  player  simply  plays  over,  or  dictates  from  memory 
games  which  he  himseli"  or  which  others  have  played.  The 
games  thus  cnnnu-rated  may  consist  of  fifty  or  even  more  moves 
on  each  side  making  sometimes  a  total  of  one  htmdred  or  more 
individual  moves.  Morphy,  theoext  morning  after  his  blindfold 
contest  against  eight  other  players  at  Paris,  dictated  to  bis 
secretary  all  of  the  moves  in  each  of  the  eight  games.    Morphy's 


I  A  plavcr  of  perfect  "poailion  kuw"   maid  play  noy  atitnber  of 
games  aa  hoc  without  recaUing  sDjtbtDK. 
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aecretary,  in  his  book  entitled  "Exploits  aod  Triumphs  in 

Europe  of  Panl  Morphy,*'  gives  the  following  account  of  the 
pcrfonnance: — "Next  morning  Morphy  actually  awakened  me 
at  seven  o'clock  and  told  me  if  I  would  get  up  he  would  dictate 
to  me  the  moves  of  ye.sterday's  games.  I  never  saw  him  in 
better  spirits  nor  less  fatigued  thau  on  that  occasion,  as  he 
showed  rae  for  two  long  hours  the  hundreds  of  variations  de- 
pending upon  the  play  of  the  previous  day,  with  such  rapidity 
that  I  found  it  hard  work  to  follow  the  thread  of  his  combina- 
tions." '  In  apeaking'ofMorphy's  knowledge  of  games  played 
by  Anderson,  he  writes:  "With  his  astonishing  memory  he 
gave  me  battle  after  battle  with  different  adversaries,  variations 
and  all."'  And  in  another  place,  "What  wondertnent  he  has 
caused  with  his  omnipoteut  memory.  I  have  seen  him  sit  for 
hours  at  the  Divan  or  the  Regents,  playing  over,  not  merely 
his  own  battles,  but  the  contests  of  others,  till  the  spectators 
could  not  believe  their  senses."*  Morphy  faim.'^lf  made  the 
statement  that  be  had  never  forgotten  a  game  that  he  had 
played  after  his  chess  powers  were  mature.  Blackburne  like- 
wise has  a  tenacious  memory  for  his  past  games.  In  1899  he 
recalled  any  number  of  games  which  he  had  played  in  1862, 
pointing  out  with  the  utmost  precision  the  flaw  or  the  beauty 
in  each.* 

lu  regard  to  the  recapitulation  of  games  it  should  be  noted 
that  the  player  is  recalling  a  number  of  known  situations  each 
the  result  of  a  well  known  series  of  moves,  and  that  each  game 
as  a  whole  is  constituted  of,  and  characterized  by,  a  number  of 
situations  joined  together  by  distinctive  features  which  may 
consist  either  of  individual  moves  or  of  combinations  of  them. 
The  case  is  similar  to  that  of  a  remembered  conversation;  the 
one  who  recalls  it  does  not  recall  each  word  separately  but 
rather  the  rmaning  of  each  remark  and  its  connection  with  what 
preorded  or  followed. 

Other  feats  of  Memory.  Blackburne,  without  sight  of  the 
board,  is  able  to  give  the  moves  known  as  the  knight's  tour, 
which  consists  in  placing  the  knight  on  any  designated  square 
and  making  it  strike  in  succession  every  square  on  the  board. 
This  is  by  no  means  an  easy  task  with  the  board  in  sight,  a 
fact  of  which  any  one  may  easily  convince  himself.  Aside 
from  chess  Pillsbury  performed  some  rather  diflficnlt  memory 
feats.     If  any  portion  of  a  deck  of  playing  cards  was  called  ofif 


^  Edge,  P.  M. :  Bxploiu  sad  Trininptu  la  Enrope  of  Paul  Morphy, 
N.  v..  1859.    p.  (64. 

*  Hdge  :  op.  cit.,  p.  187. 

•  Edge  :  op.  cil.,  p.  187. 

'Grftham,  P.  Andcrsoa:  Mr.  Blackbarne's  Games  at  Cheu.    London, 
1899.    p.  »7. 
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to  him,  be  was  able  to  name  the  cards  rcRiaining  in  the  deck, 
one  occasion,  after  playing  blindfold  games  for  two  and  one 
ialf  hours,  durirgtbc  intermission,  a  listof  thirty  words,  num- 
from  one  to  thitty,  was  read  to  him.  Ue  memorized  the 
words  ID  groups  of  &ve  taking  ten  miaates  in  which  to  complete 
the  task.  Then  he  was  able  to  give  the  word  corresponding 
to  any  given  namher  or  the  nomber  corresponding  to  any  given 
word  and  to  repeat  the  whole  list  either  forward  or  backward.* 
He  made  ujse,  of  codrse,  of  some  mnemonic  device  and  the  case 
is  interesting  only  as  showing  what  cao  be  accomplished  in  that 
way. 

Announcement  of  Male  in  Advance.  The  anaounceme nl  of 
mate  several  moves  ahead  means,  in  case  it  is  not  merely  n  re- 
membered position,  that  the  player  has  looked  ahead  of  the 
actual  play  and  is  able  to  say  the  precise  number  of  moves 

^aecessary  to  bring  about  the  end  of  the  game.  It  is  a  coin- 
Diou  thing  for  players  of  the  first  rank  to  announce  matt-  five 
or  six  moves  in  advance  and  their  combinations  in  the  middle 

Lffame  often  reach  Ijeyond  that  number.     Blackburne,  in  one  of 

Pais  blindfold  performances,  after  the  twentieth  move,  announced 
mate  in  »ix  moves  more  and  then  called  off  seven  variations 
which  exUatisted  the  position.  * 

Marshall,  in  London,  anuonuced  mate  in  eight  moves  and  pro- 
ceeded to  accomplish  it  in  spite  of  all  his  opponent  could  do  to 
prevent  it.  The  longest  mate  ever  annonnoed  in  blindfold  play 
was  one  by  Blackburne  in  sixteen  moves.' 

In  some  cases  planning  ahead,  as  was  suggested  above,  is  a 
simple  act  of  memory.  The  player  may  merely  recognize  the 
situation  as  one  previously  seen  and  may  remeiubt-r  the  indi- 
vidual moves  which  followed  and  the  result ;  or  he  may  pass 
directly  from  the  first  term,  the  situation,  to  the  last  term,  the 
result,  recalling  at  the  same  time  the  number  of  moves,  but 
not  the  moves  themselves.  Where  the  player  has  never  reached 
mate  from  the  given  situation,  but  is  able  to  foresee  it,  be  ronst 
possess  the  ability  to  work  through  meotally  all  the  situations 
which  come  liciwccn  the  one  given  and  the  final  one,  which 
calls  for  good  powers  of  analysis  and  memory  as  well  as  ex- 
perience. 

Blind/old  Play.  The  feats  which  have  caused  most  wonder 
and  admiration  are  those  of  blindfold  players.  Playing  with- 
out sight  of  the  board  is  now  one  of  the  most  common  forms 
of  exhibition  ches^,  and  it  has  been  said  that  almost  every 

I  good  amateur  can  play  at  least  one  game  sans  voir. 

Paul  Morphy,  during  his  trinmphal  tour  of  Europe,  created 


^British  Chfss  Magasint,  Vol.  XX,  p.  394. 
'  Grabani :  Op.  fit.,  p.  209.  •  Gi 
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great  astonUhmcnt  by  playing  eight  simnltoneous  garner  blind- 
folded. It  is  said  by  competent  judges  that  some  of  his  most 
brilliant  games  were  those  played  in  this  way.  Zokertort 
played  twelve  and  fourteen  games  very  frequently,  but  often 
remarked  thac  the  two  additional  ones  made  it  much  more  diffi- 
cult. Blackburue  is  one  of  the  strongest  of  the  blindfold 
players,  but  the  greatest  of  all  thus  far  in  this  line  was  the 
American,  Pillsbury,  who  played  as  many  as  twenty-two 
blindfold  games  simultaneously,  winning  most  of  them.  With 
hioi  the  number  of  games  seemed  to  be  limited  only  by  the 
length  of  time  required  to  complete  tUera  and  by  his  physical 
endurance.' 

Pillsbury,  in  an  exhibition  given  at  Toledo,  Ohio,  played 
twelve  games  of  chciu  and  four  of  checkers  without  sight  of 
the  boards,  and  at  the  same  time  played  duplicate  whist. 

Such  are  the  feats  of  blindfold  play  by  the  masters.  What 
shall  we  say  in  explanation  of  them  ?  Memory  certainly  plays 
a  very  important  r61e,  but  it  may  be  chiefly  of  the  short  time 
variety,  that  19,  the  player  holds  the  moves  in  mind  only  dur- 
ing the  progress  of  the  play  and  forgets  them  immediately 
afterward,  much  as  the  student  or  the  lawyer  does  the  facts 
he  has  crammed  for  a  particular  occasion.  Pillsbury,  in  an 
article,  said  that  he  had  to  think  rather  hard  to  recall  the 
opening  in  any  given  game  of  a  series  five  minutes  after  the 
contest  ended.'  Morphy,  on  the  other  band,  seemed  to  retain 
bis  games  permanently. 

A  blindfold  player,  playing  a  single  game,  must  have  in  mind 
at  every  stage  of  the  game  the  position  of  every  piece  on  the 
board,  and  he  must  have  some  way  of  kpowing  or  of  calcu- 
lating the  relation  of  each  piece  to  every  other,  facts  which  are 
not  necessarily  involved  in  mere  place  memory.  His  knowl- 
edge of  these  positions  and  relations  must  be  sufficiently  clear 
to  euable  him  to  form  combinations  for  attack  and  defense.  In 
playing  eight,  ten,  twelve,  sixteen  or  twenty  games  simultan- 
eously without  sight  of  the  boards,  the  task  is,  of  coarse, 
immensely  more  difficult,  since  the  player  has  not  only  to  re- 
member a  proportionally  greater  number  of  moves  (or  positions) 
but  has  also  to  remember  each  move  or  set  of  moves  in  relation 
to  the  particular  game  in  which  it  is  made. 

The  blindfold  player,  playing  several  games  siraultaneously, 
usually  employes  devices  to  make  bts  task  less  difficult.    PiUs- 


'  The  physical  endurance  require<:1  for  pUy  in  such  conte«t«  Ja  •ome- 
thlDK  Ittllc  realised  by  tlie  aDitiltlated.  Uotphy,  at  Paris,  played  for 
ten  consecutive  hours  without  eallne  or  drinking  anything.  PauIscq, 
who  played  as  many  as  ten  games  blindlold,  played  twelve  consecn- 
tive  hours  on  one  occasion  with  no  refreshmeata  of  any  kind  except  a 
little  lemonade. 

*  Pillsbury:  The CheflS  Flayer'a  Mind. /«(f<j»<-iu£^/,  Vol.  LII,  p.  1104. 
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btiry  gTi^iiped  his  games  and  used  the  same  opening  in  all 
games  of  a  group.  Kor  instance,  in  playing  51x1660  games  be 
grouped  them  an  fullows:  group  cue  contained  boards  i,  5.  9, 
13;  group  two,  board.s  2.  6.  lo,  14:  group  three,  boards 
3.  7,  M,  15;  and  group  four,  boards  4.  8,  12,  [6.  It 
will  be  noticed  thnt  two  groups  contain  odd  and  two 
even  numbers,  and  that  there  is  a  difference  of  four  between 
any  number  of  a  group  and  the  one  next  to  it — I.  5,  9,  etc. 
The  bliudfold  player  nanally  has  first  move  on  all  boards  and 
can  generally  force  bis  opponent  into  his  system.  If  not.  he 
may  regroup  the  boards  according  as  they  do  or  do  not  fall 
into  his  system  of  play,  or  he  may  simply  make  a  menial  note 
of  the  boards  on  which  eccentric  replies  to  his  opening  moves 
liave  been  made.  Obviously,  so  long  as  the  games  in  each 
group  proceed  without  i-ariation  from  the  usual  moves  and  re- 
plies, Ibere  is  tittle  chance  for  coafusioD^  but  very  soon  the 
game  begins  to  vary.  By  the  lime  this  happens,  however,  the 
player  has  noted  some  distinctive  feature  by  means  of  which  to 
recall  any  game.  Pillsbury  put  it  in  this  way:  "By  the  time 
ttwcnty  moves  have  been  made  there  has  l>een  some  clearing  of 
the  board  and  a  definite  objective  has  been  developed.  When 
I  turn  to  the  new  hoard  I  say — Ah  I  number  nine.  This  is  the 
board  on  which  we  have  exchanged  queens;  and  the  whole 
play  comes  back  to  me. ' '  * 

In  other  words,  the  variation  itself,  because  it  involves  some 
distinctive  feature,  is  the  cue  for  the  recall  of  all  the  moves 
that  have  preceded  it  and  those  which  grew  out  of  it.  It  will 
|help  ns  to  understand  this  if  we  recall  the  fact  that  chess  is,  as 
Binet  puts  it,  0  contest  between  ideas,  and  that  each  move  is 
r  but  a  part  of  a  series  all  working  together  toward  the  same 
end,  or  in  other  words,  esch  move  is  remembered  because  it  is 
a  necessary  part  of  a  plan.' 

He  points  out  further  that  those  who  retain  in  mind  a  situa- 
tion or  a  series  of  moves  have  the  faculty  of  giving  to  the 
situation  or  the  series  a  precise  significance.  A  person  ignorant 
of  chess  could  not,  of  course,  do  this  and  so  would  be  unable 
to  hold  such  things  in  memory.  Mr.  R.  L.  Newman  also,  er- 
perimeuting  upon  checker  players  in  the  laboratory  of  the 
University  of  Indiana,  found  that  a  long  series  of  moves  in 
checkers,  made  in  the  presence  of  his  subjects,  was  remem- 
bered only  after  some  form  of  grouping  was  employed  and  that 
the  series  was  learned  quickest  by  those  who  understood  the 
purpose  of  the  different  moves.'  The  purpose  caused  the  indi- 
vidual moves  to  haog  together,  so  to  speak. 


•  Pillabnry:  ofi.  at.  '  Binet ;  op.  n't.,  p.  264,  p.  374. 

*  Mr.  Newmati'8  article  b«s  not  been  poblLtlicd,  hut  the  mAnascdpt 
■HTBli  placed  at  the  writer'»(lispoMl  through  the  kiodccM  of  Pro!.  S. 
U.  Liodley  of  the  University  of  todtana. 
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Binet  *  concludes  with  M.  GoeU  that  the  memory  employed 
in  games  without  sight  is  above  all  a  memory  of  reason  and 
calculation,  or  more  concretely,  that  one  does  not  remember 
tbat  he  has  moved  his  king  at  such  and  such  a  time,  but  re- 
members  a  certain  project  of  offence  or  defense  iu  accord- 
EDce  witli  which  he  has  moved  his  king.  He  qualifies  this  in 
port,  however,  by  the  statement  that  sometimes  individual 
moves  which  make  a  deep  impression  on  the  mind  and  awaken 
astonishment  are  recalled  individually.  One  retains  a  game  of 
chess  as  he  does  a  printed  line  or  paragraph ;  the  meaning  and 
not  the  individual  letters  or  words  are  what  is  retained. 

Both  Taiue  and  Biuet  have  studied  the  question  of  the  vis- 
nal  representation  of  the  board  by  the  blindfold  player.  Taine 
concluded  that  such  a  player  sees  the  board  and  the  pieces  on 
it  as  in  an  "interior  mirror."  He  quotes  an  unnamed  Ameri- 
can to  the  effect  tbat  at  the  beginning  of  a  game  be  sees  clearly 
before  his  mental  eye,  the  board  and  the  exact  appearance  of 
each  piece,  and  tbat  after  the  auuouncemeut  of  each  move  he 
sees  the  pieces  in  tbu  new  arrangement,  in  exactly  the  same 
way."  The  method  of  Dr.  Tarrasch  is  thus  described  by  Binet :' 
At  the  start  he  represents  the  hnard  in  its  original  condition. 
When  he  nifikes  the  first  move  he  sees  the  board  thus  modified 
and  keeps  the  uew  impression  in  bis  mind's  eye.  and  so  on 
through  the  game,  his  mental  picture  changing  with  each  move. 
Bitiet's  correspondents,  with  one  exception,  answered  that  they 
nsed  VMual  memory  in  playing  without  sight.  He  concludes 
from  their  anawer.-s  that  there  arc  two  forms  of  visual  memory 
nsed  in  blindfold  chess,  which  he  designates  as  concrete  visual 
memory  and  abstract  visual  memory.  Players  who  make  use 
of  the  former  see  the  forms  and  the  colors  of  the  pieces  and 
squares  on  the  board  exactly  as  they  are.  Abstract  visual 
memory  is  dc-'wrihetl  as  follows:  Most  of  the  players  see  the 
board  mentally.  Tbe  mental  image  in  localized  t>efore  the 
player,  but  be  apperceives  at  one  time  only  the  part  of  the  t)oard 
where  the  interesting  features  of  the  battle  are  taking  place. 
The  board  does  not  ordinarily  have  a  particular  form.  It  is  an 
abotract  board  composed  of  sixty-four  squares.  Very  often  the 
edges  of  the  board  are  not  seen.  For  some  players  certain 
diagonals,  having  particular  importance  for  the  game,  are  seen 
more  clearly  than  others.  Often  the  colors  of  the  squares  are 
not  clearly  seen,  but  become  grayish,  one  color  being  a  little 
brighter  than  the  other.  The  form  seems  to  be  the  element 
which  is  the  most  difficult  to  efface  from  the  mental  image. 


1  Dinet:  op.  cit.,  pp.  370  fi. 

"Taioe;  On  InieIHj(ence.    New  York,  1899. 

*  Bioet:  op.  at.,  pp.  376  ff. 
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What  Biaet  calls  tbe  geometrical  notion  often  takes  tbe  place 
of  color.  BiQct's  correspondents  are  unanimous  in  the  opinion 
that  they  represent  to  themselves  the  positions  of  ibe  pieces 
and  tlicir  .spatial  relations  and  that  no  combination  would  be 
possible  without  such  representation.  Charcot  gives  the  name 
"geometrical  vLtnal  memor>'"  to  that  kind  of  viiiual  memory 
which  simply  conserves  the  positions  and  the  movements  of 
the  pieces.' 

In  agreement  with  Binet  we  may  soy  that  this  kind  of  mem- 
ory is  the  work  of  abstraction  and  results  from  the  direction 
which  the  player  gives  to  his  attention.  Form  and  color  are 
neglected  because  they  are  of  little  importance.  This  abstrac- 
tion, as  Binet  points  out,  is  comparable  to  that  in  daily  life 
where  we  gradually  eliminate  details  and  give  attention  only  to 
essentials. 

It  seems  evident  from  Binet's  study,  and  from  the  statements 
of  many  chess  players,  that  visual  imagery  in  varying  degrees 
of  clearness  from  the  most  perfect  representation  to  the  most 
shadowy,  is  a  very  important  factor  in  playing  chess  without 
sight,  and  that  most  players  make  use  of  it ;  but  there  is,  on 
the  other  hand,  data  to  warrant  us  in  saying  that  it  is  not  an 
absolutely  indispensable  factor.  In  other  words,  it  is  pos-sible 
that  ft  blindfold  game  conld  be  carried  ou  by  a  person  entirely 
devoid  of  visual  imagery.  M.  Goctz,  in  his  paper  published  in 
Binet's  book,  says  that  visualization  is  almost  entirely  absent 
in  his  blindfold  play  and  that  his  performance  depends  only  on 
"reason  and  calculation."  *  For  example,  he  knows  from  ex- 
perience  that  a  pawn  on  the  king's  fourth  attacks  one  on  his 
opponent's  queen's  fourth,  and  that  a  knight  or  a  bishop  on  a 
certain  square  controlH  certain  other  squares;  and  this  knowl- 
edge may  be  retained  in  verbal  temis.  Pillsbury,  the  greatest 
of  all  blindfold  players,  also  asserted  that  he  had  little  or  no 
visual  imagery  and  that  he  rememberseacfa  board  and  the  posi- 
tions ou  it  not  as  a  picture,  but  as  a  record. 

Kven  in  my  own  limited  experience  in  blindfold  play,  I  have 
found  that  visualization  is  an  incidental  and  by  no  means  es- 
sential factor.  In  my  own  case,  in  the  beginning,  visual  images 
were  entirely  lacking,  a  little  later  they  were  present  at  times 
as  the  result  of  a  conscious  effort  to  call  them  up,  and  now 
when  they  are  present  they  are  so  only  in  the  roost  indefinite 
form.  For  instance,  I  have  no  mental  picture  of  the  board 
aside  from  its  general  outline,  and  the  forms  and  colors  of  the 
pieces  are  never  present,  except  when  I  have  paid  particular 
attention  to  them  for  experimental  purposes.  In  the  l*gin- 
ntng,  localization  of  the  play  was  very  indefinite  and  a  replay- 


'  BbMt :  op.  at.,  p.  311. 
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ing  of  the  games  with  the  board  ftirniAhed  many  surprises  both 
in  this  regard  and  iti  regard  to  the  relative  positions  and  dis- 
tances of  the  pieces.  At  the  prescQt  time  the  movements  of 
the  pieces  and  the  localization  of  the  play  are  fairly  cIcfiTiite. 
I  seem  to  feel  the  movements  of  the  pieces,  especially  my  own, 
as  if  I  were  actually  moving  them.  Particular  positions  in- 
volving two  or  thre<;  pieces  are  sometimes  seen  in  so  far  as  the 
relative  positions  of  the  pieces  are  coucetned.  NormaUy  I  am 
a  fair  visiualizer,  but  in  blindfold  chess  my  thinking  seems  to 
be  largely  of  other  sorts,  and  especially  in  verbal  terms.  When 
not  engaged  in  actual  play  I  frequently  call  up  a  situation  with 
a  fair  degree  of  clearness,  but  when  playing,  verbal  imagery  is 
the  most  prominent  in  consciousness.  For  example,  my  op- 
ponent announces  knight  to  the  king's  fiHh.  Ordinarily  I  do 
not  picture  the  resulting  position,  but  calculate  the  radius  of 
action  of  the  piece  thus :  knight  on  king's  fifth  attacks  queen's 
seventh,  bishop's  seventh,  etc.  If  it  is  advanced  to  queen's 
seventh  it  checks  king  at  knight's  first,  etc.,  etc.  It  would 
seem  that  there  is  a  closer  association  between  the  series  of 
verbal  images  than  between  the  visual  images  or  the  series 
composed  of  both  verbal  and  visual  images.  My  experiment- 
ing has  not  gone  far  enough,  however,  to  furnish  very  much 
that  is  definite  in  regard  to  thi.i  a-spcct  of  the  question.  With- 
out visual  imagery  the  blindfold  player  would  have  to  rely  on 
word,  letter  and  number  symbols,  and  would  have,  it  would 
seem,  a  much  more  difficult  task  thau  the  player  with  highly 
developed  power  of  visualization.  In  actual  play,  verbal 
memory  plays  an  important  part  even  for  strong  visualizers, 
for  it  is  often  by  this  means  that  they  recall  the  actual  moves 
that  have  t>een  made  when  they  are  in  doubt  as  to  the  position 
of  any  piece.  My  companion  in  the  attempts  at  bliudfold  play 
made  considerable  use  of  visual  imagery  of  Binet's  abstract 
type,  but  used  other  sorts  to  a  certain  extent.  I  am  inclined 
to  believe  that  with  increasing  experience  both  of  us  would 
have  made  more  use  of  verbal  and  other  symbols.' 

In  order  to  determine  whether  it  would  be  possible  to  play 
cbesA  with  no  visual  imagery  whatever,  the  following  experi- 
ment was  tried.  Games  were  played  without  the  use  of  either 
board  or  chessmen.  The  records  were  kept  in  the  German 
notation,  but  in  such  a  way  that  each  player  could  tell  the 
number  and  the  location  of  the  pieces  on  either  side.  The 
'moves  and  replies  were  thought  out  as  far  as  possible  with  the 
aid  of  this  record  and  in  terms  of  the  symbols  used.  Fur  in- 
stance, Pas  attacks  any  pawn  or  piece  on  b  6  ;  Kt  c  3  attacks 

1  It  mftrheconjectnred  that  the  BCCcMarjconccntrBtion  of  sttention 
on  the  rela lions  ol  tlir  pircrs  rntbcr  tbsa  od  the  pieces  theinftelve»  U 
partly  rcapousibtc  for  the  incomplete  development  of  visual  itnagery. 
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b  I,  a  3,  a  4,  b  5,  d  5,  e  4,  e  2,  d  I.  etc.  It  was  thus  possible 
tn  calculate  the  relative  positions  of  the  diflfercnt  pieces  and  to 
attack  and  to  defend  any  given  position.  Tbe  experiment  was 
not  long  continued  and  visual  imagery  was  never  wholly  ab* 
sent,  especially  wbere  attempts  were  made  to  form  combiaa- 
tions.  Nevertheless.  I  am  convinced  that  it  would  be  possible 
for  a  person  to  leani  to  play  chess  by  means  of  verbal  and 
nnniber  symbols  alone.  The  task  would  be  a  very  long  and 
difficult  one,  but  by  no  means  impossible. 

The  Relation  of  Chat  Skill  fo  General  Afental  Ability.  If 
chess  is  perhaps  a  tolerable  index  of  temperament  and  charac- 
ter, is  skill  in  chess  also  a  reliable  index  of  mental  power  in 
general?  The  reply  must  be  quali&ed.  Many  able  men  are 
good  chess  players,  but  on  the  other  hand  there  are  those  who 
live  for  chess,  who  think,  talk,  and  dream  chess,  w*ha  confirrn 
Edgar  Allen  Poe's  observation  that  the  best  chess  player  may 
be  only  the  best  player  at  chess ;  but  this  number  is  small  com- 
pared to  the  vast  majority  who  indulge  in  it  only  as  a  pastime. 
Even  among  chess  masters  arc  to  be  found  many  who  have 
displayed  considerable  ability  in  other  lines.  Dr.  Emannel 
Lasker,  the  present  world's  champion  at  chess,  has  taken  his 
doctorate  in  mathematics.  Tschigorin  is  a  Russian  govern* 
ment  employee.  Maroczy  is  a  professor  of  physics  and  mathe- 
matics at  a  Budapest  college.  Tarrasch  is  a  German  physician, 
Anderson,  at  one  time  champion  of  the  world,  was  a  professor 
of  mathematics,  and  Staunton,  another  world's  champion  and 
one  of  the  best  known  of  the  older  chess  ivriters,  is  well  known 
also  as  a  writer  and  as  an  editor  of  the  ci.tssics.  Rousseau, 
Voltaire,  Napoleon,  and  John  Stuart  Mill  are  said  to  have  been 
strong  players,  and  the  bistonan  Buckle  an  excellent  one. 
The  list  might  1«  increased  almost  indefinitely,  but  enough  has 
been  said  to  indicate  that  skillful  chess  players  represent  all 
walks  of  life,  and  that  skill  at  chess  is  not  incompatible  with 
success  in  other  lines.  The  chess  player  is  usually  something 
more  than  a  mere  player  of  chess.  At  the  same  time  the  cases 
of  idiots  savants  in  various  forms  of  mental  activity,  and  among 
others  In  chess  playing,  prevent  the  inference  that  skill  in 
chess  is  a  universally  valid  index  of  high  mental  endowment.' 

5.    Spbcial  Psychology  of  Cbsss. 

Forms  of  Mental  Activity  Required.  We  have  now  followed 
sufficiently,  perhaps,  the  general  aspects  of  the  game,  and  can 
turn  with  advantage  to  its  more  intimate  psychology.  Tbe 
aim  of  each  player  is,  as  we  have  said,  to  checkmate  his  oppo* 

'  Sc«  ID  the  appendix  to  thi*  study  ku  account  of  a  Mr  chew  player 
of  oiberwiM  feeble  iatcUigeoce. 
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ocDt,  that  18,  to  bring  his  own  pieces  into  sucli  a  position  that 
the  opposing  king  could  inevitably  be  taken  at  the  next  move. 
Each  player  must  therefore  carry  out  a  schenie  of  attack,  over- 
coming obstacles  and  preventing  the  blocking  of  his  own  plans, 
and  at  the  same  time  g^iard  himself  from  counter  attack.  The 
game  in  its  most  important  portion  presents  in  essence  a  succes- 
sion of  situations  each  of  which  calls  for  special  examinaUon, 
with  reference  both  to  its  present  and  its  future  import,  and  the 
selection  or  invention  of  an  appropriate  line  of  action.  The 
player  asks  himf^^lf  continually,  in  effect,  at  least,  what  is  this 
present  situation  and  what  ought  I  to  do  to  meet  it?  The 
game  throughout  may  be  regarded  as  a  aeries  of  reasoned  in- 
ferences, expressed  by  moves  upon  the  board.  The  present 
section  will  be  devoted  to  an  exposition  of  the  logical  and  psy- 
chological relations  in  question. 

The  Stages  of  the  Game  and  Their  Logical  Types.  The  game 
of  chess  proper  is  divided  into  three  fairly  well  defined  parts 
called  the  opening,  middle,  and  end  games.  There  arc  openings 
without  number  but  all  have  been  the  subject  of  analysis  for  so 
loug  that  one  can  obtain  from  the  numerous  books  an  the  sub- 
ject informalion  limited  only  by  his  capacity  to  retain  it.  The 
competent  player  knows  at  least  the  chief  openings  and  enough 
of  their  theory  to  meet  any  unexpected  variation  from  the 
usual  moves  and  replies. 

The  end  game,  iu  which  the  forces  on  either  side  are  greatly 
reduced,  has  also  received  careful  study  at  the  hands  of  expert 
analysts,  so  that  one  may  learn  from  the  books  to  recognize 
certain  situations  and  to  know  their  possibilities.  Geometrical 
figures  have  often  been  employed  to  show  the  possibilities  of 
situations. 

In  the  middle  game,  however,  the  player  may  no  longer 
rely  on  definite  directions,  but  is  entirely  dependent  on  his 
knowledge  of  general  principles  and  his  past  experience.  The 
former  will  be  of  service  especially  to  the  young  player,  but, 
owing  to  the  infinite  number  of  possibilities  which  may  develop 
out  of  the  different  situations,  experience  in  actual  play  is  in- 
dispensable. Here  the  player  must  exercise  all  his  ingenuity, 
must  give  rein  to  his  creative  imagination,  and  must  follow 
out  as  far  as  he  is  able  the  effects  of  the  different  moves  which 
suggest  themselves.  The  chess  player's  skill  is  measured  in 
terms  of  his  ability  to  do  all  this  successfully. 

Opening  and  End  Games.  In  the  opening  game  and  in  the 
end  game  the  logical  type  of  reasoning  is  usually  that  of  the 
categorical  syllogism.  In  case  of  a  typical  opening  it  may  be 
formulated  as  follows: 

In  all  cases  of  the  Evan's  Gambit,  pawn  to  the  queen's 
knight's  fourth  is  the  fourth  move. 
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This  moire  is  to  be  the  fourth  in  an  Evan's  Gambit. 

Therefore,  this  moveshonld  be  pawn  to  the  queen's  fcoigfat's 
fourth. 

Similarly  in  the  end  game  the  situation  which  develops  re- 
calls the  procedure  to  be  followed.  If  While,  for  example,  has 
a  king  and  a  rook  against  Black's  king,  he  must  drive  the 
latter  to  the  edge  of  the  board,  bold  him  there  with  bis  king 
and  mate  with  his  rook.  White's  procedure  may  again  be 
reduced  to  the  type  of  the  categorical  syllogism. 

All  cases  of  king  and  rot>k  against  king  arc  to  he  met  by 
driving  the  latter  to  the  edge  of  the  board,  etc. 

This  l<i  a  case  of  king  and  rook  against  king. 

Therefore,  this  is  a  case  to  be  met  by  driving  the  kio^  to  the 
edge  of  the  board,  etc. 

All  habitual  actions  may  be  reduced  to  this  type  and  Pro- 
feisor  Charles  Pierce  has  remarked  the  same  abont  all  reflex 
actions. 

The  Middle  Game.  In  the  middle  game,  where  general  rules 
are  only  partially  applicable,  the  logical  procedure  is  mixed  and 
will  differ  somcvvhai  according  10  the  grade  of  the  player.  In 
what  follows  immediately  we  shall  assume  the  player's  condition 
to  be  that  of  a  not  verj-  skillful  amatenr;  of  the  profcs-tional's 
condition  we  shall  speak  later.  So  far  as  general  rules  apply 
to  the  middle  game,  the  play  will  be  of  the  deductive  type 
which  we  have  ju.<;t  illustrated,  but  in  the  vast  majority  of 
cases  it  will  be  more  complicated.  The  situation  is  not  of  the 
known  sort  that  invites  application  of  general  rules,  but  of  an 
unknown  sort  in  which  the  essential  features  (or  true  meaning) 
must  be  disentangled  from  a  mass  of  obscuring  details,  and 
when  disentangled  most  be  met  by  a  move  or  a  line  of  play  es- 
pecially selected,  or  invented,  for  the  purpose.  The  logical 
type  is  not  now  simply  deductive,  but  really  a  series  of  logical 
steps  resembling  the  sort  of  scientific  procedure  which  Jevons, 
for  example,  calls  the  "Combined  or  Complex  Method."'  An 
hypothesis  is  first  formed,  deductive  inferences  drawn  from  it, 
and  these  tested  by  experiment.  The  player  finds  before  him 
ft  Kitnation  created  by  the  last  move  of  his  opponent.  His 
study  of  the  situation  gives  it  a  certain  character  in  his  mind 
equivalent  to  the  formalion  of  an  hypothesis  with  regard  to  it. 
He  then  reasons:  This  is  a  situation  of  such  and  such  a  sort 
and  therefore  to  be  met  by  such  a  move  in  reply.  The  move 
in  reply  is  then  tried  in  imagination.  If  it  seems  successful  it 
is  accepted  and  actually  made;  if  it  is  seen  to  be  unsatisfactory, 
it  is  rejected  and  a  better  one  soaght  for  the  same  purpose,  or 


ijevous:  I<eMon*ia  Ixigic. 
p.  338. 
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what  is  more  likely,  the  hypothesis  itself  (the  conceived  charac- 
ter of  the  situation)  has  been  changed  by  the  evident  un6tness 
of  the  move  imagined. 

Skill  is  shown  in  the  opening  and  end  games  by  the  readi- 
ness with  which  the  player  recognizes  the  commoa  situation 
and  draws  from  memory  the  appropriate  response.  Skill  in  the 
middle  game  is  shown  by  the  readiness  with  which  he  recog* 
nizes  the  e^^sential  features  of  a  new  situation,  and,  in  his  inner 
experimentation,  hits  upon  a  move  that  fit-}  the  case.  i.  e., 
proves  by  its  appropriateness  that  his  diagnosis  of  the  situation 
was  correct. 

This  is  the  condition  of  the  commonplace  player.  The  case 
of  a  perfect  player,  one  with  chess  omniscience,  whose  analysis 
was  perfect,  who  could  see  the  game  to  the  end  at  any  stage  of 
it,  would  be  quite  different.  Having  a  perfect  plan  of  pro- 
ceduie  for  ever>'  case,  he  would  play  throughout  very  much  as 
the  amateur  plays  the  opening  and  the  end  games.  Excellence 
in  play  ranges  upward  from  the  condition  of  the  amateur  toward 
that  of  the  perfect  player.  To  the  chess  master  many  of  the 
situations  that  arise  in  the  middle  game  are  already  familiar 
and  the  best  means  of  meeting  them  known.  Others  will  be 
uoknowu;  and  then  the  crucial  point  of  his  opponent's  attack 
must  be  discovered  and  an  appropriate  response  devisxd.  His 
play  is  for  the  moment  of  essentially  the  same  type  as  that  of 
the  amateur,  except  that  he  i^  both  by  nature  and  experience 
much  more  prompt  in  discovering  the  essential  feature  of  the 
attack  and  much  more  resourceful  in  Ending  means  of  repel- 
ling it. 

Let  ns,  however,  return  to  the  logical  type  employed  by  the 
commonplace  player.  The  type  followed  in  the  opening  and 
end  games  would  cQirespond  closely  to  the  typical  logical  pro- 
cedure as  described  by  James.' 

The  type  followed  in  the  middle  game  differs  from  the  formal 
sketch  of  James  which  has  in  view  reasoning  of  the  deductive 
type.  Here  the  es.sc'ntial  characteristic  of  the  sitnatton,  even 
when  discovered,  does  not  suggest  any  well  known  group  of 
similar  cases  to  which  it  may  be  referred  and  for  which  a  defi- 
nite mode  of  procedure  has  already  been  worked  out.  The  es- 
sential characteristic  can  at  the  most  suggest  only  a  very  gen- 
eral  kind  of  procedure;  it  gives  no  inkling  of  just  whnt  should 
be  done.  The  player  knows  that  be  must  sacrifice  the  threat- 
ened piece,  or  withdraw  it.  or  intercept  the  attack,  or  make  a 
counter  attack,  but  which  of  these  is  best  must  be  thought  out 
for  each  situation.  His  usual  method  is  to  try  in  imagination 
one  move  after  another  until  be  finds  one  that  seems  superior 


1  J&m«s:  Principles  of  Paychology,  N.  Y,,  1899,  Vol.  II,  pp.  330  ff. 
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to  all  the  rest.  And  oflen  it  is  only  dnriDg  tbis  expeiimeutal 
process  that  the  full  significatioa  of  the  situation  dawns  upon 
him. 

Such  reasouing  is  concrete  aud  practical,  not  put  into  words, 
or  only  partially  .so,  and  allied  to  the  reasoniag  of  animals  and 
children.' 

But,  as  Morgan  well  shows,  the  logical  reasoning  of  man  is 
largely  dependent  on  the  need  of  communication  and  the  use 
of  language;'  a  chess  game ^•tj'^i/  is  rcasooed  in  particulars; 
the  same  game  explained  and  defended  to  a  companion  would 
be  cast  in  verbal  and  syllogistic  form. 

Psychoh^kal  Reslalemmi  of  the  Logiad  Types.  This  last  re- 
mark touches  upon  an  essential  point  to  which  we  must  give 
yet  a  little  further  attention,  namely,  the  difference  between  the 
logical  types  of  reasoning  and  the  actual  psychological  pro- 
cesses which  they  symbolize.  All  processes  of  reasoning  are, 
as  psychological  facta,  sequencts  of  mental  states  due  to  sbilt- 
ing  of  the  focal  point  of  attention  and  to  processes  of  association 
dependent  thereon.  In  the  deductive  portions  of  the  game — 
the  opening  or  end  game,  where  the  play  is  guided  wholly  by 
rule — the  process  is  one  of  serial  association  running  off  under 
the  general  influence  of  the  conception  of  the  opening  (or  end 
game)  which  remains  in  the  background  of  cuiisciuusuess. 
Each  move  suggests  the  next  in  fixed  sequence,  as  one  might 
say  the  alphabet,  having  in  the  background  of  his  conscious- 
ness the  desire  to  say  it.  t 

For  the  middle  game  let  us  take  a  concrete  example.  L«t 
DS  say  that  it  is  Black's  turn  to  move.  He  glances  at  the 
board  and  notices  the  queen  aud  knight  of  his  opponent  in 
position  to  develop  a  double  check  upon  his  king.  Association, 
under  the  guidance  of  his  general  knowledge  of  the  purpose 
of  the  game,  freely  suggests  the  consequences,  if  he  cannot  in 
some  way  interfere.  Attention  then  shifts  to  the  response  to 
be  made  and  association  again  coming  in  suggests  the  readiest 
means  of  defen.se.  In  other  words,  the  situation,  regarded 
from  the  point  of  view  of  defense  and  held  in  the  focns  of  at- 
tention, recalls  by  association  a  number  of  possible  moves. 
These  associations,  following,  of  course,  the  readiest  tines  of 
habit,  are  not  by  any  means  at  random,  but  operate  strictly 
within  the  limits  imposed  by  Black's  knowledge  of  the  general 
rules  of  play  and  his  present  intention.  Each  of  the  moves 
suggested  is  itself  bronght  to  the  fucus  of  attention,  is  tried  in 
imagioatioo,  probably  by  incipient  movements  of  eye  or  band, 

'  It  is  whftt  Romftne*  cslla  r«asoDlng  in  particulAts.  Romaaes: 
Uental  Evolntioa  id  Animals.     N,  Y,,  1900.     v-  3J7- 

'  Morgan:  iDtrodcction  to  Comparative  Paychology.  London  aud 
N,  Y.,  1901.    pp.  293  fi. 
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and  accepted  or  rejected  as  the  case  may  be.  If  accepted,  it  is 
put  into  execution  in  the  same  manner  as  other  voluntary 
movements. 

The  mental  action  of  the  player  iu  such  a  situation  is  analo- 
gons  to  that  of  the  inventor.  A  half  finished  machine  stands 
before  him ;  his  problem  is  clear ;  he  must  cause  such  and  such 
movement  in  f^uch  and  such  parts  in  order  to  bring  about  a  de- 
sired result.  He  runs  over  iu  his  mind  the  varieties  of  pulleys. 
cranks,  gearings,  cams  and  the  like  with  which  he  is  familiar, 
and  finally  selects  one  or  the  other  as  the  most  likely  to  ac- 
complish what  he  wishes.  A  high  grade  of  skill  as  an  inventor 
or  as  a  pla5*er  of  chess  involves  the  utmost  readiness  in  seeing 
just  what  needs  to  tie  done  and  in  discovering  the  means  of 
doing  it.  Experience  helps  immensely  in  both  of  these  direc- 
tions; and  it  brings  many  cases  under  fixed  rules  so  that  they 
are  dealt  with  by  simple  associations  and  correspondingly  re- 
duces ihe  number  of  cases  that  must  be  treated  as  singular  and 
without  rule,  and  greatly  enriches  the  fund  of  expedients  that 
may  be  tried  in  such  singular  cases.  When  the  case  is  so  uu- 
familiar  that  experience  suggests  nothing,  the  reasoner  is  re- 
duced to  simple  blind  fumbling,  on  a  le\'el  with  that  of  the 
brutes,  and  rational  procedure  reduces  to  the  "method  of  trial 
and  error."  The  situation  arouses  an  impulse  to  do  something; 
there  is  a  blundering  attack;  efforts  that  lead  to  unpleasant 
consequences  are  rejected;  those  with  pleasant  consequences 
arc  repcuted.  Man's  more  complex  mechanism  of  apperception, 
his  wider  range  of  associations,  and  his  power  of  imaginative 
action  all  combine  to  reduce  the  cases  where  blind  fumbling  is 
ueccssary,  but  when  these  powers  are  of  no  avail  there  is  but 
one  method,  and  that  is  the  method  of  lucky  hits. 

II.    Tbb  FsvcHOUxjy  op  tbb  Lbarning  of  tbb  Gaub. 

I.     General  Deuriplum  of  the  Learning  Processes  in  Chess} 

In  the  preceding  sections  have  been  set  forth  what  I  con- 
ceive to  he  the  general  outlines  of  the  mental  activities  involved 
in  che&s  playing.  It  is  jwpnlarly  believed  that  chess  is  a  very 
hard  game  to  learn,  that  it  is  difficult  for  every  one  and  im- 
possible for  many.  To  a  certain  extent  this  is  trac-  Chess  is 
a  difficult  game,  but  it  is  so  because  it  requires  a  peculiar  mental 
equipment,  rather  than  becau.se  it  calls  for  one  of  an  especially 
high  order.  First  aud  foremost  is  required  a  liking  for  chess. 
The  man  who  finds  it  uninteresting  may  as  well  give  it  tip  at 
CHic«.     Next  it  requires  powers  of  suslaiued  attention  and  an 

'  My  snuTCc^  of  iQformmtion  liere  arc  my  own  intiaspective  notea 
whilc'lMu-niii};  to  play,  and  those  of  foar  aftsUlstitt,  together  with  the 
replies  of  toy  correspondent!!. 
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excellent  memory;'  and  based  on  these,  considerable  powers 
of  analysis,  and  vJsnal  ima^nation,  or  its  equivalent  in  some 
other  sense  department. 

Increase  in  skill  means  increase  in  the  knowledge  of  chess 
situations  and  how  to  meet  them;  or,  in  more  psychological 
terms,  increasing  "meaning"  in  certain  arrangements  of  the 
pieces,'  and  increased  facility  of  association  between  these 
meaningful  arrangements  and  certain  other  Arrangements 
(moves  to  be  made)  imaginatively  constructed;  or,  in  stilt 
other  terms,  more  adequate  apperception  of  the  situations  and 
richer  and  better  organized  iissociations  connected  therewith. 
These  organized  apperceptions  and  associations  insure  truer 
and  prompter  apprehension  of  the  difficulty  to  be  met  and 
better  and  prompter  selection  of  the  means  to  meet  it.  Skill 
is  largely,  though  not  whoUy.  in  proportion  to  knowledge,  and 
knowledge  in  proportion  to  experience.* 

The  player's  progress  may  be  divided  roughly  and  for  pur- 
poses of  description  into  five  stages,  (i)  The  first  step  is  to 
learn  the  names  and  movements  of  the  pieces.  The  former  is 
easily  done,  but  the  latter  requires  a  trifle  of  practice  before 
the  pieces  can  be  readily  used  iu  play.  This  is  especially  true 
in  the  case  of  the  knight.*  For  successful  play  tlic  moves 
mu.st,  in  the  end.  become  automntic,  and  this  automatism  is 
not  reached,  as  the  game  is  usually  learned,  in  the  first  stage 
itself.  It  depends  for  its  perfecting  on  the  practice  obtained  in 
succeeding  ones.  This  probably  is  the  natural  method  in  all 
learning,  the  greater  interest  of  the  advanced  stages  Qoating 
the  learner  over  the  drudgery  necessary  for  complete  perfection 
of  the  automatisms  of  tbe  earlier.  When  the  moves  have  be- 
come  automatic  the  men  are  no  longer  pieces  of  wood,  jade  or 


'  These  Ittit  m*y  not  seem  mbaolntely  essvatial  in  ricw  of  tbe  case  lo 
b«  described  in  th<:^  nppf-ndix,  bat  even  from  thkt  case  I  sliall  hope  lo 
•bow  tbat  thiit  Htktc^nirnt  is  juKtificd. 

*  Stout:  MannKl  of  Psychology.    N.  V.,  1899.     pp.  84  S. 

'  I  SAy  "act  wholly  in  proportion  to  knowledge, "  because  skill  rep* 
re»euts  only  thm  pnrt  o(  knowlcHge  that  can  be  readily  and  effectively 
applied.  Our  gcacral  problem  in  thii  section  is,  therefore,  to  describe, 
BS  far  ft*  we  are  able,  the  way  iu  which  experience  becomes  transmuted 
iulo  aLcill.  Our  immcdiBte  concern  is  with  chess  skill,  but  if  we  are 
successful  in  our  stody  of  .that,  wc^sball  he  judtificd  in  certain  infer* 
enccft  with  regard  to  many  other  sorts  of  learning  which,  like  it,  are 
matters  »f  mental  as  oppoi>e<l  to  purely  pbystcal  trainiDK. 

*  Knowledge  of  checkers  is  at  first  a  source  of  many  interferences. 
The  player  is  tempted  to  move  hjs  pawns  disgooally,  has  a  tendency 
to  keep  bis  pieces  uuucbcd  go  tb&t  bis  opponent  cannot  "jump"  tbcm, 
i»  on  the  lookout  for  vacant  squares  on  which  lo  plant  hi^  pieces,  aud 
haa  a  tendency  to  clear  the  board  a»  soon  as  poisible.  He  also  finda 
It  difficult  to  remember  that  tbe  piecea  can  retreat  after  taaving  t>een 
once  advanced. 
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ivory, — static  things — but  forces  capable  of  being  exerted  In 
de&nite  directions. 

(a)  The  second  stage  may  be  characterized  as  the  stage  of 
individual  taoves  of  oSeoce  and  defease  during  which  the  be- 
ginner plays  wilh  no  definite  aim  other  than  to  capture  hia 
oppontnt's  pieces.  Even  this  he  blunders  about,  often  over- 
looking for  several  moves  a  chance  to  capture  a  man  that  has 
been  left  en  prise.  My  notes  contain  many  entries  showing 
two  bishops,  both  unprotected,  left  facing  each  other  for  several 
moves,  or  a  queen  moved  within  rauge  of  a  bishop  or  a  knight. 
The  player  is  able  to  attack  one  of  his  opp(ment's  pieces  and 
is  able  ordinarily  to  defend  himself  against  direct  attacks. 
Whichever  be  attempts  to  do  he  must  give  his  whole  attention 
to  it,  and  even  with  this  extreme  of  concentration  be  is  able  to 
see  only  the  immediate  consequences  of  the  move.  In  general, 
however,  his  lack  of  conception  of  the  aim  of  the  game,  causes 
him  to  play  at  random.  His  play  lacks  unity  and  the  pieces 
arc  moved  hither  and  thither,  unsupported  and  unsupporting ; 
he  has  no  conception  of  the  game  as  a  well  planned  sequence, 
Nevertheless  he  has  hovering  in  the  background  of  conscious- 
ness some  idea  of  the  ultimaic  object  of  the  play,  the  hemming 
in  of  the  adverse  king,  and  is  iu&nenced  somewhat  by  it. 

{3)  The  beginner  t.4  soon  able  to  tell  at  a  glance  what  any 
single  piece  can  do,  but  no  one  piece,  not  even  the  queen,  is 
very  strong  unless  supported  by  others.  Hence  the  task  in  the 
third  stage  of  the  beginner's  progress  becomes  that  of  learning 
the  strength,  not  of  individual  pieces,  but  of  pieces  in  relation 
to  each  other.  He  has  to  learn  the  value  of  groups  and  the 
value  of  individual  pieces  as  parts  of  particular  groups.  There 
are  times  when  a  bishop  or  a  knight  or  even  a  pawn  may  be  so 
situated  that  its  direct  influence  is  greater  than  that  of  a  rook 
or  a  queen.  Many  of  the  most  fascinating  of  the  recorded 
games  are  those  in  which  one  player  has  actually  given  away 
one  or  more  of  his  pieces,  often  his  queen,  in  order  to  gain  the 
advantage  of  the  relative  positions  resulting  from  the  move- 
meut  of  the  pieces  involved. 

About  the  time  the  beginner  has  passed  beyond  the  first  two 
stages  of  his  learning  and  during  the  third,  the  idea  of  check- 
ing becomes  the  dominating  one  with  him  and  his  efforts  tend 
to  centre  upon  that  exclusively.  This,  of  course,  leads  to  pre- 
mature attacks  which  usually  result  dUastrously  to  the  ag- 
gressor. He  is  also  prone  to  fix  his  attention  on  his  own  plans 
and  most  likely  on  the  particular  part  he  is  about  to  execute  at 
the  moment,  to  the  neglect  of  all  others.  He  suffers  from  in- 
ability to  take  in  a  number  of  details  at  the  same  time.  They 
have  no  meaning  except  as  details,  aud  if  he  concentrates  on 
one,  others  must,  by  that  very  fact,  be  neglected.     He  has 
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itUe  idea  of  the  importance  of  developing  his  pieces,  i.  r, 
making  tbem  available  for  future  offence  and  defense,  and  of 
the  value  of  position.  The  attack  o(  his  opponent  conii>els 
some  defensive  play,  however,  ond  no  defense  can,  of  course, 
be  made  without  the  co-operation  of  at  least  twci  pieces,  so 
that  he  soon  learus  soatetbiog  of  the  use  of  pieces  in  couibina- 
tion.  He  leams,  for  example,  that  often  a  piece  may  defend 
another  and  at  the  same  time  attack  one  of  hLs  opponent's 
pieces,  that  in  Gome  cases  where  two  pieces  are  attacked  simul- 
taneously one  may  be  withdrawn  and  so  placed  as  to  protect 
the  other,  and  that  a  counter  attack  is  often  the  best  defense. 

He  has  made  considerable  progress  in  this  stage  when  he  is 
able  to  give  attention  to  the  plaoii  of  his  opponent  beyond 
those  that  are  immediately  connected  with  his  own,  though  in 
this  particular,  temperament  plays  a  large  r6Ie.  That  this  is 
the  usual  experience,  however,  is  testified  by  the  fact  that  after 
a  pUyer  is  able  to  form  a  definite  plan  of  his  own  involving 
some  nse  of  cumbiuation,  he  is  oflen  surprised  by  checkmate 
when  he  is  within  a  single  move  of  checkmating  his  opponent. 
He  is  unable  to  carry  out  his  own  plans  and  at  the  same  time 
to  give  attention  to  anything  else;  he  is  particularly  weak  in 
defense. 

In  general  we  may  say  that  the  beginner  at  this  stage  is  not 
able  to  play  in  proportion  to  his  knowledge.  He  recognizes 
his  errors  when  they  are  pointed  out  to  him,  but  he  is  unable 
to  avoid  them.  My  records  show  many  famihar  blunders  oc- 
curring over  and  over  again.  The  beginner's  material  of 
knowledge  is  not  organized  and  therefore  not  available  in  any 
situation  except  the  most  simple. 

(4}  The  player  has  entered  upon  the  fourth  stage  when  he 
begins  consciously  to  plan  the  systematic  development  of  his 
'pieces.  This  necessarily  involves  some  knowledge  of  the  value 
of  position,  which  knowledge  we  may  call  judgment  of  position. 
These  judgments  are  generalizations  and  are  the  result  of  the 
player's  own  experience,  or  have  come  to  him  in  the  form  of 
general  principles  from  the  experience  of  others.  However 
they  may  come  to  the  player  their  possession  is  absolutely  es- 
sential to  further  progress.  Now  the  player  no  longer  has  to 
puzzle  himself  by  attempting  to  consider  all  the  possibilities  of 
the  situation,  a  thing  he  is  utterly  unable  to  do,  but  he  applies 
bis  principle.  His  principles,  especially  those  he  has  formu- 
lated for  himself,  are  usually  only  partially  true  and  have  to 
undergo  constant  modification  as  his  knowledge  and  experience 
increase.  He  knows  now  a  number  of  definite  situations  and 
his  plans  radiate  from  these  and  are  more  far  reaching.  He  is 
also  in  a  position  to  give  more  attention  to  the  moves  and,  in- 
deed, to  the  general  plans  of  his  opponent.     This  is  a  cousid- 
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erabic  advance,  for  it  means  that  tta«  player's  nieotal  horizon 
has  been  extended  very  much  and  that  he  is  able  to  disregard 
the  non-essentials  to  a  greater  extent  than  before.  Given  por- 
tions assume  more  aud  more  importance  and  one  of  the  great 
marks  of  improveineut  is  the  development  of  "position  sense."' 

(5)  As  we  have  already  pointed  out,  "position  sense"  is  a 
result  of  experience,  and  as  such  is  the  product,  wc  may  almost 
say  the  CTilmination,  of  one's  whole  chess  development.  Never- 
theless, a  fairly  good  knowledge  of  the  value  of  different  posi- 
tions marks  such  an  advance  over  the  player  who  is  in  what 
we  have  called  the  fourth  stage  that  it  may  be  taken  as  the 
fii^h  in  the  player's  course  of  development. 

The  stages  mentioned  above  are  somewhat  arbitrary',  and 
may  not  be  followed  exactly  in  individual  cases,  but  they  will 
at  least  give  sonie  indication  of  the  course  of  the  player's  de- 
velopment, which  may  be  summarized  in  brief  as  follows : 
First  the  names  and  moves  of  the  pieces  are  learned.  Then 
comes  the  period  of  blunders,  of  inde6nite  play,  of  premature 
attacks,  and  of  concentration  on  single  moves,  particular  situa- 
tions or,  at  best,  on  a  plan  imperfectly  worked  out.  Later,  one 
is  able  to  see  farther  ahead,  to  foresee  results  more  accurately, 
and  to  give  some  attention  to  the  plans  of  his  opponent.  At 
the  same  time  some  typical  forms  of  attack  and  defense  aud 
some  general  principles,  or  supposed  principles  are  being 
learned,  together  with  some  knowledge  of  position.  Along 
with  all  of  this,  though  appearing  consciously  much  later,  goes 
an  ever  increasing  power  of  analy.sjs  and  improvement  in 
"position  sense." 

Some  of  the  most  common  blunders  or  oversights  of  these 
early  stages  are  leaving  pieces  en  prix,  i.  f.,  uaprotected  and 
in  a  position  to  be  captured  on  the  next  mox-e  of  the  opponent ; 
allowing  two  pieces  to  be  attacked  simultaneously  by  one 
piece  ;  removing  a  guarding  piece,  resulting  in  the  loss  of  the 
guarded  one;  allowing  a  piece  to  be  "pinned,"  i.  e.,  leaving  it 
in  such  a  sitnation  that  either  it  cannot,  tinder  the  rules,  be 
moved  at  all,  or  only  with  loss  of  an  important  piece.  Errors 
of  8  more  general  nature  are  overlooking  the  bearing  and  force 
of  distant  and  far-reaching  pieces,  errors  in  pawn  play,  not 
correlating  the  pawns  and  pieces,  blocking  the  radius  of  action 
of  the  men,  forgetting  the  purpose  which  prompted  the  placing 
of  a  piece  in  a  certain  position  and  a  con.sequcnt  loss  of  time 
in  replacing  it,  or  a  disorganization  of  forces,  and  finally,  faulty 
combinations  and  unsound  sacrifices.  Many  blunders  arise  at 
all  stages  oi  skill  from  haste,  impatience,  and  impulsiveness, 
but  they  are  especially  numerous  with  beginners. 

*  Vide,  p.  377> 
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2.     Discussictn  of  the  Learning  Process. 

We  have  now  given  an  account  of  the  stages  of  learning  ;  it 
remains  to  spcalc  more  particularly  of  the  psychology  of  the 
learning  process.  Our  problem  is  to  explain  the  development 
of  a  beginner,  who  knows  merely  the  names  of  the  pieces  and 
their  powers,  into  the  skillful  player  who  makes  nse  of  these 
simple  elements  in  intricate  and  pnrposeful  combinations.  We 
have  to  (to  with  the  growth  of  still  in  siriclly  mental  opera- 
tions within  the  limited  field  of  chess  play.' 

Obviously,  memory  is  the  sine  qua  non  of  learning,  but 
although  of  prime  importance  it  is  only  one  of  the  factors 
involved.  It  must  be  such  a  memory  as  leads  to  the  organiza- 
tion of  the  mental  materials  rather  than  to  their  mere  retention. 
One  could  not  be  far  wrong  in  saying  that  mental  skill  is  in 
direct  proportion  to  the  degree  of  this  organization.  How  or- 
ganization can  best  be  brought  about  is  still  an  open  question, 
and  indeed  its  answer  wonkl  involve  the  entire  psychology  of 
pcdaguf^y.  Its  ultimate  nature  we  do  not  know.  To  a  great 
extent  the  material  organizes  itself,  f.  e.,  the  organization  is 
physiological  and  a  matter  of  growth.  This  fact  was  clearly 
pointed  out  by  Dr.  Bumham,  who  holds  in  his  study  on  "Ke* 
troactive  Amnesia"  *  that  impressious  require  a  certain  time  in 
which  to  fix  themselves.  The  growth  process,  fixing  the  im- 
.pression  and  strengthening  the  association  tracts,  is  an  indis- 
'pensable  factor  in  learning.  A  multiplicity  of  impres-sions 
might  he  made  to  follow  so  closely  on  one  another  that  none  of 
them  could  become  fixed.  In  that  case,  of  course,  nothing 
would  be  learned. 


'Nnmeroiis  studies  have  been  made  oa  memory.  sttenUon,  sud 
other  complex  meiitkl  procesHcs  and  a  considerable  namber  ou  learn, 
ing,  but  these  latter  have  beeu  concerucd  cliieHy  with  motor  Uaintcg. 
Btjian  nnd  Harter's  study  oq  ibe  learuiog  of  the  telej^apbic  language 
•muTig  the  earlier  BtadieH,  is  the  nearest  approach  to  the  pre»eni  one, 
bnt  It  deals  more  especially  with  a  sort  of  learniuft  wliich  ta  of  a 
mixed  motor  and  sensory  type,  wbercas  tbe  skill  here  in  question  \t 
■luoat  wholly  central.  In  that  study  learning  on  the  sensoiy  aide 
conalatcd  in  the  lormatiou  of  fixed  associations  between  complex 
sonnda  and  the  coirespoudiuR  words;  in  our  case  ihe  learning  process 
JDTolTcs  the  formation  o(  complex  (jronpa  rather  than  that  of  fixed 
•Mociationaol  aytubol  and  word.  Neverthrleaa  much  of  what  Bryitn 
aod  Hartcr  discovered  in  reference  to  this  latter  sort  of  lesraisg  ii 
strictly  applicable  to  the  form  with  which  we  are  dealing.  ca]>ecially 
their  chief  Keneraljzktion,  namely,  that  advance  in  skill  depends  upon 
the  (ormittwn  of  a  "hierarchy  of  habiia."  Among  the  more  recent 
atndica,  that  of  Swift,  on  lieginntnft  a  Lanxnagc,  In  the  Garman  Com- 
memorative volume  (Studies  iu  Philosophy  and  Psychology  by  former 
■tudenis  of  Charles  HOvrard  Carman,  Boston,  tQo6)  may  be  mcotioncd 
as  dealing  like  tbia  with  a  form  ol  mental  tklll. 

'Burnham;  Retroactive  Amneaia,  Amer.Jonr.  of  Pty.,Vo\.  XIV. 
»90J.  PP-  382-396- 
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In  this  connection  I  may  mention  that  tlie  returns  of  my 
correspondents  also  indicate  that  short  periods  of  rest  from 
chess  practice,  varying  with  the  individtial  from  a  few  weeks  to 
several  months,  may  cautw  a  noticeable  increase  in  skill.  Re- 
newed interest  and  cxjusequent  greater  efTort  in  beginning  again 
after  an  interval  of  no  play  may  account  for  this  in  part,  and  it 
may  be  also  that  in  constant  playing  the  details  accumulate 
faster  than  the  mind  can  assimilate  them,  so  that  they  confuse 
lather  than  aid  the  player.  This  seems  plausible  when  we  re- 
member the  difficulty  the  beginner  ha:i  in  applying  known 
principles  to  a  mass  of  details.  Then,  too,  when  the  stress  of 
new  impressions  ceases,  an  opportunity  is  given  to  take  an  in- 
ventory of  the  mental  stock.  This  is  not  possible  to  any  great 
extent  when  new  impresaons  are  crowding  in,  and  the  atten- 
tion is  fully  occupied  with  them.  On  the  other  hand,  long 
periods  of  inactivity  have  a  very  different  effect.  Players  make 
blunders  in  the  openings,  their  combinations  are  not  so  far 
reaching,  and  a  greater  effort  is  required.  Every  part  of  the 
game  that  requires  pure  memory  Is  affected  and  it  is  often 
necessary  to  do  consciously  what  had  previously  been  auto- 
matic. This,  however,  has  to  do  merely  with  the  fixation  of 
separate  impressions  and  of  ideas  with  their  associates,  and  our 
problem  is  rather  to  account  for  the  combination  of  these  ele- 
ments into  larger  and  larger  complexes.  On  the  physiological 
side  little  is  known.  The  most  that  can  be  said  is  that  in- 
creasing complexity  of  nervous  function  parallels  increasing 
complexity  of  mental  function.  However  that  may  be,  our 
explanation,  for  the  present  at  least,  must  be  sought  on  the 
psychological  side. 

If  we  omit  the  very  earliest  stages  in  the  chess  player's  de- 
velopment, the  first  significant  fact  is  the  lieginuer's  utter  ina- 
bility to  use  in  actual  play  what  little  chess  knowledge  he 
possesses.  His  blunders  are  recognized  at  once  when  they  are 
pointed  out  to  him,  but  in  spite  of  his  resolution  to  avoid  them. 
he  finds  himself  committing  the  same  ones  over  and  over  again. 
It  seems  that  the  more  he  tries  to  avoid  them  the  more  blanders 
he  makes.  The  intensity  of  his  effort  and  the  deep  interest  he 
takes  iu  the  game  precludes  mere  carelessuess.  UisdiQicuUies 
are  not  due  to  lack  of  attention,  but  to  the  concentration  of  the 
attention  on  one  feature  of  the  game  to  the  neglect  of  all  the 
others.  He  sees  this  single  thing  and  nothing  more,  because 
it,  of  all  the  mass  of  impressions,  has  some  meaning  for  him. 
Were  it  possible  to  determine  the  span  of  one's  chess  attention 
during  the  different  periods  of  bts  progress  iu  learning,  it  would 
be  pos-sible  to  give  objective  evidence  of  the  progressive  fusion 
of  the  different  elements  into  lorgerand  larger  complexes.  The 
course  of  development  would  extend  from  the  stage  in  which 
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the  piflyer  is  unable  to  see  in  their  completeness  even  the  im- 
mediate consequences  of  a  single  move  to  that  in  which  he  is 
able  to  take  in  at  a  glance  the  disposition  of  alt  the  pieces  on 
the  board.  The  building  up  of  mental  complexes  iu  learning 
chess  and  those  involved  in  other  sorts  of  learning  are  not  essen* 
tially  diifcrcnt.  There  is  a  close  analogy,  for  example.  l>eiwten 
the  chess  player  learning  the  moves  and  blundering  through 
his  first  few  games,  and  the  child  learning  to  read,  or  the  tele- 
grapher learning  to  seud  and  to  receive  messages.'  The  letter, 
the  telegraphic  dot  or  dash,  or  the  %ini>le  move  iu  chess  h  at 
first  the  unit  of  perception.  Later  the  word,  a  serie:i  of  dots 
and  dashes,  or  the  relation  of  two  or  more  pieces  to  each  other 
becomes  the  unit.  The  child  learns  later,  possibly,  to  compre- 
hend at  a  glance  the  meaning  of  a  phrase  or  a  sentence;  the 
telegrapher  to  receive  by  phraser;  the  chess  player  (o  lake  in  a 
whole  situation  at  a  glance.  Not  only  has  the  unit  of  perception 
become  larger  and  larger  but  it  has  become  more  and  more 
meaningful. 

Perhaps  the  anology  is  closer  still  between  the  chess  expert 
and  the  mathematician  who  has  merely  to  glance  at  a  formula  or 
at  its  first  two  or  three  terms  in  order  to  recognize  its  fall  im- 
port. Kvery  situation  in  a  game  of  chess  which  requires  read- 
justment of  the  player's  plans  is  a  problem  for  him,  and  the 
qnickness  and  the  accuracy  of  his  solution  will  depend  npon 
his  ability  to  seize  upon  the  salient  and  essential  features  and 
to  neglect  those  which  have  no  meaning  for  that  particular 
situation.  Obviously  the  mathematician's  skill,  when^  con- 
fronted by  a  problem,  will  display  itself  in  his  ability  to  recog- 
nize the  fundamental  nature  of  the  problem.  Lindley  found 
that  an  expert  mathematician,  among  those  who  attempted  to 
solve  his  puzzle,  recognized  at  a  glance  the  mathematical  prin- 
ciple involved  and  solved  it  without  difhculty.'  He  displayed 
what  corresponds  to  "position  sense"  in  chess.  The  chess 
player  has  this  advantage.  In  any  particular  game  he  has 
built  up  or  helped  to  build  up  his  own  problem  and  has  a  men- 
tal record  of  its  progress.  He  has  seen  the  possibilities  ot 
certain  lines  of  play  elimtnaled  one  by  one  and  is  thus  able  to 
couceutrate  on  the  remaining  ones. 

The  expert  chess  player  is  not  required  to  analyze  each 
position  as  he  comes  (o  it,  and,  indeed,  this  would  be  impossible 
to  any  great  extent.  His  mind  grasps  the  situation  as  a  whole 
and  it  has  a  definite  meaning  for  him.  He  recognixes  the 
salient  features  only  and  deals  with  them,  the  details  having 
for  the  time  being  dropped  out.  He  is  in  the  position  of  the 
general  who  has  to  know  not  that  in  one  part  of  the  field  be 
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has  a  regiment  of  one  tbousaud  soldiers,  divided  into  ten  com- 
panies of  one  hundred  men  cacb,  but  that  be  has  a  force  there 
suHicietit  to  repel  any  ordinary  attack.  He  lias  only  to  jmy 
attention  to  the  r^iment-s  and  their  condition  when  an  emer- 
gency arises.  The  expert  no  longer  deals  with  particular  terms, 
bot  with  general  terms  or  concepts.  These  general  terms  have 
been  bnilt  up  step  by  step,  tbeir  meauiug  changing  with  the 
ever  increasing  knowledge  of  the  player,  and  are  often  repre- 
sented partially  or  symbolically  by  their  initial  moves  or 
general  trend.  More  concretely,  a  player  learns  at  first  that  a 
certain  move  is  a  good  one  because  it  has  certain  definite  ad- 
vantages, and  this  enables  him  to  plan  a  little  fnrthcr  ahead. 
Later  he  finds  that  this  move  has  a  great  many  other  conse- 
quences, and  perhaps  this  in  luru  modifies  a  general  principle 
he  may  have  based  upon  it.  and  this  finally,  may  involve  the 
modification  of  several  other  principles  and  result  in  a  still 
more  comprehensive  principle  embracing  all  of  the  others. 
Details  can  be  organized  into  larger  groups  in  proportion  as 
they  gather  meaning  as  a  group,  but  not  before.  The  chess 
player  groups  his  pieces  and  they  acquire  a  meaning  analogous 
to  the  potential  meaning  of  the  general  term  or  the  symbol  in 
abstract  thinking.  Progress  in  chess  like  progress  in  abstract 
thinking  of  any  other  kind  consists  in  the  formation  of  an  in- 
creasing symbolism  which  permits  the  manipulation  of  larger 
and  larger  complexes. 

We  arc  in  the  habit  of  speaking  of  the  antomatic  in  the 
motor  realm,  meaning  by  it  that  certain  movements  or  combina- 
tions of  movements  are  carried  on  without  conscious  guidance. 
Is  there  such  a  thing  as  automatism  in  the  realm  of  tlie  purely 
intellectual?  It  seems  to  me  that  this  question  is  to  be  an- 
swered in  the  affirmative.  There  is  something  in  the  purely 
intellectual  lite  corresponding  to  motor  automatism,  which  is 
shown  in  the  ability  to  think  symbolically  or  abstrnctly,  and 
thus  to  handle  large  masses  of  detail  with  a  minimum  of  con- 
scious effort.  It  involves  the  increasing  ability  to  take  in 
during  a  single  pulse  of  attention  a  larger  and  larger  group  of 
details  which  means,  of  course,  that  the  attention  is  no  longer 
needed  for  each  one. 

An  apparent  difference  between  motor  and  mental  aotoma- 
tisms,  lies,  however,  in  the  fact  that  iu  the  intellectual  realm 
increasiuf{  automatism  seems  to  Involve  the  dropping  out  of 
details,  while  in  the  motor  realm  increasing  automatism  often 
means  a  greater  perfection  of  the  details.  Careful  examination, 
however,  will  probably  show  that  in  both  details  are  dropped 
from  consciotisuess  and  that  in  both  they  are  perfected  iu  the 
externalized  outcome.  The  great  feature  common  to  both  is 
the  releasing  of  the  attention  from  the  details.     In  the  Intel- 
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lectaal  sphere,  as  the  processes  hecome  more  and  more  com- 
plex, ihcy  are  carried  on  by  syslcms  of  symbols  which  tend  to 
become  more  and  more  abstract  or  general.  This  is  true  of  all 
abstract  thinking,  including  that  involved  iu  expert  chess 
playiag.  And,  as  in  all  other  kinds  of  abstract  thinking,  it  is 
essential  in  chess  that  no  matter  how  symbolic  the  tliinking 
may  become  the  player  must  always  have  a  thorough  gros]!  of 
the  details  of  the  game.  In  other  words,  he  mnst  not  only  be 
able  to  construct  his  plans  by  the  use  of  abstract  symbols,  but 
be  must  be  able  to  translate  them,  into  the  concrete  and  to 
carr>'  them  out  move  by  move.  This  latter  be  does  not  neces- 
sarily do  ID  his  thiuking.  From  one  whole  situation  he  passes 
directly  to  another  whole  situation.  For  instance  in  a  definite 
situation,  the  first  move  of  a  long  series  suggests  not  the  next 
move  but  the  position  after  the  whole  series  has  been  played. 
In  other  words,  the  first  term  does  not  necessarily  call  tip  the 
secoud  one  or  the  last,  or  some  intermediate  tenn,  but  the  re- 
sult of  all  the  moves.  This  final  result  may  be  present  to  the 
mind  in  the  form  of  a  visual  image  (n  mental  picture)  or  in 
verbal  terms.  For  example,  the  first  few  moves  of  the  Evans 
gambit  already  mentioned,  may  cause  to  arise  in  the  mind  of 
one  player  a  visual  image  of  the  position  as  it  will  appear  after 
a  do/.en  moves  have  been  made  on  each  side,  while  in  the  case 
of  another  player  a  verbal  judgment  of  the  strength  or  weak- 
ness of  the  final  position  may  take  its  place.  To  the  latter 
player  this  opening  calls  to  mtnd  a  verbal  judgment  of  the 
final  position  based  on  past  experience.  The  formulation  of 
principles  of  play,  which  become  iacreasingly  general,  is  another 
expression  of  the  increasing  symbolism  involved  In  learning  to 
play  chess,  but  in  this  case  in  verbal  instead  of  visual  form. 

The  chess  player's  skill  is  measured  largely  in  terms  of  hU 
ability  to  use  larger  and  larger  units  of  thought.  He  has 
learned  by  means  of  many  repetitions,  a  series  of  moves  in 
regular  sequence,  later,  as  has  already  been  pointed  out.  the 
first  move  or  a  given  arrangement  of  the  pieces  on  the  board 
represents  for  him  the  position  as  it  will  be  several  moves 
further  on.  All  the  intermediate  steps  are  for  the  moment 
ignored,  or,  in  other  words,  "a  short  circuit"  has  been  estab- 
lished and  the  association  is  between  the  first  term  and  the  last 
or  the  total  result  instead  of  each  term  being  revived  by  the 
one  immediately  preceding  it. 

In  trying  to  explain  this  from  the  physiological  side  two 
alternatives  present  themselves.  It  may  be  that  an  entirely 
new  brain  tract,  connecting  the  &rst  term  with  the  last,  has 
been  opened  up.  On  the  other  band  it  is  just  as  conceivable 
that  the  nervous  impulse  may  travel  along  the  same  path  in 
all  cases  and  that  in  the  case  of  a  "short  circuit"  only  the  first 
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and  last  terms  riae  into  consctousuess.  Experiments  on  the 
learning  of  nonsense  syllables,  showing  that  repetitions  not 
only  strengthen  the  associative  bonds  between  a  syllable  and 
the  one  imnicdiately  following  it.  but  also  between  more  re- 
mote ones,'  seem  to  lend  a  certain  support  to  the  latter  theory. 
This  is,  however,  all  rather  speculative  since  neurology  is  able 
to  tell  OS  little  or  nothing  about  it.  On  the  psychological  side 
the  "short  circuiting"  process  seems  to  mean  something  like 
this.  In  the  beginning  the  last  term,  thelinal  result,  is  reached 
after  passage  through  all  the  terms  of  the  series.  Now,  ordi* 
narily,  the  series  is  of  value,  and  therefore  of  interest,  not  for 
itself,  hut  for  its  result,  so  that  little  attention  is  given  to  the 
intermediate  links,  bnt  much  to  the  getting  throuRh.  The 
whole  strain  of  attention  is  forward.  As  a  result  of  this  the 
image  before  the  mind  may  be  fieveral  steps  in  advance  of 
the  one  actually  being  executed,  or,  in  well  practiced  Eeries,  it 
may  be  the  last  step  itself,  or  even  the  purpose  for  which  the 
series  ts  gone  through.  The  result  is  that  there  is  a  tendency 
to  the  formation  of  immediate  associations  between  the  earlier 
and  later  steps  of  the  series.  This  suggests  that  conscious 
effort  plays  an  important  part  in  the  establishment  of  the 
"short  circuit."  Bryan  and  Harter,  in  their  study  of  tele- 
graphic language,  concluded  that  only  by  putting  forth  a 
supreme  effort  could  one  rise  above  the  plateau  of  moderate 
attainment.'  Still  it  is  by  no  means  certain  that  the  ri-v;  in 
the  curve  would  not  take  place  in  time  if  effort  were  maintained 
at  a  moderate  and  uniform  level.  In  that  case  the  rise  in  the 
curve  from  the  plateau  w*ould  mean  the  compleliou  of  the 
growth  processes  under  the  guidance  of  ordinary  selective 
attention. 

While  chess  is  a  type  of  purely  intellectual  learning,  the  fact 
should  not  be  lost  sight  of  that  the  emotional  accompauiueut  is 
an  important  factor  in  the  chess  player's  development  as  iu  all 
other  sorts  of  acquisition,  and  that  emotion  is  one  of  the 
strongest  influences  in  Gxing  impressions.  Ideas  which  are 
associated  with  strong  emotions  are  kept  before  the  mind  for  a 
longer  period  than  those  which  have  little  or  no  emotional 
coloring  and  thus  have  much  more  chance  of  becoming  per- 
manently 6xed.  Numerous  instances  were  noted  in  this  study 
in  which  situations  which  had  aroused  strong  emotions  were 
cnntinualty  before  the  mind  and  were  so  persistent  as  co  banish 
sleep  and  to  drive  out  all  other  thoughts. 

In  this  connection  mention  should  be  made  of  the  effect  of 
error  on  one's  progress.     If  one  continues  to  commit  errors 
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through  ignoraace  of  the  fact  that  they  are  errors,  he  may  re- 
tard his  development  by  falling  into  6xcd  habits  of  unsoimd 
play;  but  if  they  are  noted  as  errors,  and  especially  if  they 
arouse  a  strong  emotion,  they  are  eliminated.  The  importance 
of  this  becomes  evident  when  we  recall  that  a  great  part  of  the 
player's  progress  consists  in  the  elimiDalion  of  unprofitable 
.moves.  It  is  easy  to  see,  also,  that  emotions,  so  far  as  they  are 
txpressive  of  temperament  and  afTcct  one's  habits  of  play,  may 
[exercise  an  important  inSucnce  for  good  or  bad  upon  one's 
;^ ability  to  win,  as  already  pointed  out  in  auy  earlier  section. 

3.     Aids  /o  Learning. 

By  study  and  prscUce  the  difficulties  of  the  beginner  are  ^TW&nmWy 
overcome  and  bis  faaha  corrected,  tbonf^h  the  latter  are  apt  for  a  long 
time  to  recur  at  unguarded  tnomenta,  and  some,  eapecialljr  the  faults 
of  tempeiameot  (errors  aud  oTersighis  due  to  impultiTeaess,  rasfaneM 
and  quick  temper,  for  example),  may  nerer  be  wholly  sappresced. 
Il  Is  probable,  iudeed.  tbal  uiosi  of  the  fault)  of  the  earlier  stages  arc 
temporarily  nvcrcome  many  timea  Iwfore  they  can  safely  be  gi'Ttn  over 
lo  the  realm  of  the  automatic,  i.  e..  they  crop  out  from  tlmr  to  time 
wheu  the  altetiitou  is  turued  toward  larger  complexes  of  elemeals. 

Of  all  the  aids  to  learning,  so  soon  as  one  hac  mutered  the  t>are 
luiHnienta  of  plaj*,  there  in  probably  nothing  like  actual  play  over  the 
'board,  provided  that  one  is  witlinft  to  piay  slowly,  study  out  the 
causes  of  his  misfortune  and  profit  by  them.  The  etnotfooal  stress 
attending  both  muccth*  and  failure  at  such  a  time  is  a  gr«at  aid  to 
memory,  as  has  already  bceu  suggested. 

The  concrete  criticism  of  a  superior  player  is  of  the  greatest  assist- 
ance, but  loo  many  thinga  muat  not  lie  given  nt  once,  and  what  is 
f^iven  must  be  applied  immediately  In  actual  play  in  order  to  insar* 
IS  retention. 

In  order  to  get  *oiac  idea  of  the  aoarcea  from  which  cheaa  playera 
gain  their  knowledge  of  the  game  and  the  value  which  tbey  attach  to 
them,  que9tion»  were  a.i1(ed  of  my  correspondents  in  regard  to  the 
benefit  derived  from  problem  solution,  the  ntudy  of  stanflard  games, 
end  games  and  openings,  aud  board  play  under  dj&erent  conditiooa. 
Most,  of  course,  had  derived  moat  of  their  knowledge  from  actual  plaj 
over  the  board. 

The  interest  in  problem  solviuK  is  by  no  means  universal.  Many 
■tate  that  they  have  nev^'r  attempted  to  solve  prohtcm<:  others,  that 
they  are  not  intereated  in  them  because  they  arc  artificial  and  me- 
chanical and  do  not  help  one's  general  play.  The  replies  indicate, 
however,  that  problem  solving  Is  widespread  among  players.  As  to 
its  hclpfnlncBS  in  general  play,  the  variety  of  opinion  is  great,  varying 
from  the  statement  that  it  is  a  positive  detriment  to  extravagant  ctaima 
(or  its  utility  for  mental  development  in  general.  With  a  number  of 
players,  the  problem  iiiteiest,  if  developed  at  all,  was  developed  late, 
t.  ^.,  long  after  they  had  learned  to  piny.  It  is  Interesting  to  note 
that  few  of  thc*e  pfayers  think  thnt  problem  solving  has  helped  their 
play.  Others  took  np  problems  with  the  beginning  of  play  and  say 
that  tbey  were  greatly  helped  by  their  efforts  to  solve  them.  This 
suggests  what  is  probably  the  fact  that  solving  problems  helps  one  in 
the  early  stages  of  hts  play,  and  this  is  in  accoru  with  my  own  czperi- 
encc.  Tbe  reason  for  this  is  not  hard  to  find.  The  history  of  problem 
chess  shows  that  in  the  beginning  the  problems  were  merely  positions 
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taken  from  actasl  games  and  consequently  involved  M  the  elementa 
of  actual  play.  Much  could  then  bcdcrived  from  tbeiraolatioa  which 
would  be  of  general  service.  Since  that  time,  however,  proMem  com- 
position  has  cliaQgcd  very  much,  and  the  problems  now  are  made  to 
confoini  to  certain  fixed  roles,  which  have,  from  the  standpoint  of 
many  players,  made  them  mechanical  and  artificial.  They  have  lost 
most  of  their  resemblance  to  positions  met  with  in  actual  [)tay.  No 
doubt  they  arc  not  of  much  bcucfit  to  players  who  have  had  consid- 
erable  ezpcricuce  and  who  are  familiar  with  the  principles  involved 
in  their  solution.  With  the  bcginucr,  on  the  other  hand,  the  case  is 
different.  He  may  learn  somclhiL'g  of  the  manner  of  jfiving  check, 
somethiuRof  the  powers  of  pieces  in  different  combinations,  and  of 
the  value  of  position.  They  may  help  his  powers  of  analysis  in  so  far 
as  they  involve  ^cucr&l  piinciplcs  which  ate  applicable  to  actual  play, 
and  they  may  aid  in  improviag  bis  judgment  oi  oosition.  At  the  best, 
however,  they  arc  far  inferior  to  the  study  of  ena  games  and  to  actual 
practice  over  Ihc  board.  This  tatter  statement  seems  borne  out  in 
part  by  the  fact  that  few,  it  any,  great  problem  solvere  or  composers 
are  also  great  players. 

Practically  all  agree  that  a  knowledge  of  the  openings  is  iudispcn- 
sable.  The  advaota^c  is  evident.  It  enables  ouc  to  place  his  pieces  in 
good  positions  relative  to  each  Other,  to  develop  along  sound  lines,  to 
avoid  disaster  in  the  early  stages  of  the  game,  to  take  advantage  of 
weak  moves  made  by  one's  opponent,  and  what  is  also  of  great  impor- 
tance, it  enables  him  to  play  with  a  minimum  of  effort  during  the 
early  stages  of  a  came.  It  should  be  added  that  knowledge  of  the 
openings  and  variations  helps  one  to  force  the  play  along  liucs  with 
which  be  i.'t  most  familiar.  The  easiest  and  quickest  way  to  get  this 
knowledge  is  Irom  the  books,  but  many  goo«l  players  possess  it  who 
have  ^iven  little  or  no  time  to  book  study.  They  have  gained  it  from 
actual  experience,  and  base  their  opening  plays  on  principles  derived 
from  this  source. 

A  few  think  that  replaying  standard  games  does  not  help  one's  play, 
and  a  still  smaller  number  think  it  is  a  positive  detriment,  assigning 
at  a  reason  that  it  destroys  one's  originality,  and  causes  him  to  over- 
look advaotages  which  slight  variations  from  the  known  lines  might 
S've.  There  may  be  a  real  danger  here.  Imt  it  is  more  than  offset  by 
e  advantages  gained.  Among  the  advantages  are  mentioned  the  op- 
portuttlty  to  examine  positions  at  leisure,  to  study  comprehensive 
plans  of  attack  and  defense  involving  particular  combinations,  to  ap- 
preciate the  value  of  time  and  position,  and  finally  to  become  familiar 
with  a  number  of  oft-recurring  situations.  These  situations,  while 
seldom  jdeutical,  are  often  similar.  Standard  uamea  also  teach  prin- 
ciplea  and  aid  in  thedevelopmeulof  position  {udgmeut.  It  should  be 
stnte<i.  however,  that  the  value  of  such  games  varies  with  the  indi> 
vidnal,  and  up  to  a  certain  stage  is  in  direct  {iro|>ortion  to  his  cheaa 
knowledge.  The  mere  beginner  learns  little  froui  them;  the  chess 
master  also  learns  little  from  them.  The  one  is  unable  locomprchend 
them;  the  other  finds  little  in  ihem  that  is  unkuowu  lu  him.  The 
games  take  on  meaning  in  direct  proportion  to  ifae  amount  of  knowl- 
edge that  one  brings  to  them;  ana  their  value  to  any  individual  de- 
pendc  on  the  number  of  new  ideas  he  is  able  to  carry  away  from  them. 

Playing  with  a  weaker  plsy^r  is  not  considered  a  good  thing  by  moat 
of  my  correspondents.  They  say  it  makes  them  careless,  prone  to 
recklessness,  and  leads  theni  into  all  sort*  of  extravagancies  of  play. 
Several  recommend  nerer  playing  with  a  weaker  player  without  giving 
sufficient  odda  to  make  the  game  even.  A  few  recommend  playing 
with  a  weaker  player  for  the  rcaaon  that,  by  lesseniog  the  amonut  of 
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:  tttCDtlon  ofdluarily  giTcn  to  ttie  opponent'ii  plans,  tli«  fttronECr  plAjer 
b  Hbic  to  give  (rrt-r  piny  to  bit  imafpniittoa  tb*n  he  would  dare  to  Jo 
If  plsytag  with  one  of  tqaul  stieugtb. 

MMt  lay  that  playing  with  nrnny  diDerent  players  hks  made  ttaHr 
ityl*  morr  ficxible.  A  few,  however,  toatntain  that  style  o(  play  is 
hiilividaal  and  that  oothinK  can  change  it.  Th(a  contentioQ,  as  waa 
pointM  ont  abore,  1a  unrlouMedty  troe  in  *o  far  «5  fundamtntiil  trait* 
of  cbarBCtrr  enter  into  the  ginie.  Tho«e  who  anitweTetl  that  plaviDg 
with  a  nnmbcr  of  diderent  players  haa  made  their  style  more  flexible. 
appear  to  mean  that  to  a  certain  extent  it  has  enitblcd  them  to  over* 

[come  some  (anlta  dae  to  temperament  and  that  they  have  learned  ■ 
greater  TU-iety  of  methods  of  play. 

III.      GBNBKAL  StTMMARY  OP  THE  PSVCHOLOCICAI.  POINTS. 

Cbeas  as  a  strongly  conipethive  form  of  human  plajr  appeals 
to  the  fundamental  fighting  impulse,  but  it  appeals  also  to  the 
aesthetic  and  puzzle- solving  interests ;  and  it  affords  the  pleas- 
ure of  "being  a  cause." 

Visual  imagination  is  an  important  element  in  chess  playing, 
especially  in  blindfold  chess,  btit  it  is  not  indispensable.  Motor, 
verbal,  or  auditory  imager>'  may,  and  often  does,  occupy  the 
chief  place  in  the  player's  consciou.sness. 

The  mental  qualities  most  utilized  in  chess  playing  are :  a 
strong  eAeis  memory,  power  of  accurate  analysis,  quickness  of 
perception,  strong  constructive  iraaKination  and  a  power  of  far 
reachiuR  combination.  These  are  rA^ss  qualities,  however,  and 
skill  at  chess  is  not  a  universally  valid  index  of  high  mental 
endowment. 

The  logical  type  differs  in  the  different  stages  of  a  game  and 
with  the  knowledge  and  skill  of  the  player,  approaching  always 
nearer,  as  his  knowledge  and  skill  increases,  to  that  of  the 
syllogism. 

The  reasoning  process  is.  in  psychological  terms,  a  sequence 
of  mental  states  due  to  shifttngs  of  the  focal  point  of  atteation, 
the  associations  working  strictly  withiu  the  limits  imposed  by 
the  task  or  purpose. 

In  his  learning  the  chess  player  passes  through  well  defined 
stages  and  these  mark  the  necessary  steps  in  his  progress.  The 
most  important  psychological  feature  in  the  learning  of  chess 
(and  it  seems  equally  true  of  all  learning),  is  the  progressive 
erganixaiion  of  knowledge,  making  possible  the  direction  of  the 
player's  attention  to  the  relatioos  of  larger  and  more  complex 
units.  Tbeorganizatiou  involves  generalization,  increasing  sym- 
bolism, and  the  multiplication  of  associations;  it  insures 
prompter  recall  and  increased  potential  meaning  in  the  general 
concepts:  it  releases  attention  from  details  and  favors  consequent 
mental  automatisms  and  '  'short  circuit' '  processes.  Thus  alone 
is  progress  possible.  Mental  automatisms  are  usually  perfected, 
one  may  conjecture,  after  advance  to  the  next  higher  stages  of 
learning. 
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AprKNDnt:  On  Tmi  Casm  o9  a  rKBBi,x-uii4i>Kn  Crhss  ruAVitR. 

DuHdk  tliecoarfeof  tills  slndy  several  cuct  of  cbcMplBving among 
the  (eehle-miniied  have  been  reported  to  the  writer,  bat  it  bu  been 
jmporaible  to  «e<-nre  <l«(iiiite  data  except  in  oae  cave.  It  is  iMiil  that 
la  some  insiaoces  a  very  high  decree  of  chess  skill  was  possessed  by 
men  of  verv  low  mentaiit)r.  An  initiate  of  tbe  Wisconsin  Institution 
for  the  Feeble -minded,  in  repijrted  to  have  been  able  to  cop«  auccrsS' 
fally  with  very  strong  playerH.  Very  likely-  the  strength  of  these 
players  has  been  very  much  overestimated,  but  the  evidence  is  suffi- 
cient to  warrant  US  in  saying  that  in  che»H  an  in  other  kinds  of  mental 
•ciivity  «  peculiar  power  is  ooi  incompatible  with  a  very  low  average 
of  general  mental  ability. 

The  writer  has  been  able  to  atudv  at  first  hand  one  case  of  rhesa 

Slaying  by  a  man  of  low  grade  intelligence  who  Is  «n  inmate  of  the 
epartment  (nr  the  feeble-minded  and  criminally  InsAoe  at  the  Massa- 
cbanetts  State  Farm.  In  the  aiiylutu  recurda  h«  i*  clas»eO  ok  a  cunxent- 
tal  Idiot  who  has  suffered  degeneration  slncecoming to  the  institution 
in  1891.  I'revlous  to  that  time  he  had  been  an  inmate  of  other  Jnstita- 
tions  for  the  imuine.  He  has  had  and  atill  has,  though  lesn  frequently 
than  formerly,  outbursts  of  rage,  at  which  times  he  beats  his  head 
against  the  wall.  lie  aay*  he  dee*  this  bccanite  he  loves  bis  mother. 
He  is  n  Sexual  pervert  and  some  of  his  outbursts  followetl  his  separa- 
tion from  other  inmates  of  the  Institution  whom  he  designates  as 
"friends."  He  in  fifty-fonr  yearaof  age  hut  lootca  muob  younger,  ia 
filthy  in  hJa  personal  hubJts,  and  presents  »  very  peculiar  appcnrnnce. 
He  stoops  considerably  and  walks  with  the  .slmming  gait  characteristic 
ol  the  feeble-minded.  In  one  of  the  older  axylum  rrcord«  nome  one 
has  noted  the  fact  that  he  resembles  an  anthropoid  ape  in  appear- 
ance. His  forehead  is  very  low  and  receding,  his  msxillaries  are  very 
protrudiDg  and  the  postmor  pnrtions  of  bis  head  are  so  prominent 
that  hiE  head  rcseiubles  that  of  the  African  negro. 

The  term  idiot  is  used  to  cover  snch  a  wide  range  of  mental  deficiency 
that  it  coovcya  no  very  definite  tnriining,  so  that  it  will  be  necessary 
to  give  a  brief  account  of  his  attempts  at  mental  work  in  order  to  con- 
vey some  idea  of  his  general  intelligence.  Hin  memory  for  some 
thiogf:  is  fairly  good,  though  it  is  not  of  special  ezcelleuce.  He  re- 
members faccH  quite  well  and  for  a  considerable  time.  He  also  has  a 
fairly  good  memory  for  placeii,  remembering,  for  instance,  the  town  in 
which  be  was  brongbt  np,  the  diflrrrnt  inntitutions  be  hits  been  in, 
and  the  town  in  which  some  of  his  relatives  live,  and  remembers  all 
these  by  name.  He  has  no  idea  of  time,  but  holds  a  few  dales  io 
mind.  For  example,  he  said  be  came  to  the  aiiylum  in  1891,  which 
was  correct.  He  knows  the  names  of  most  of  the  moatfas  of  the  year, 
bnt  has  no  idea  of  their  order.  In  January  he  wns  asked  what  month 
it  was  and  replied  that  he  did  n't  know.  Kr  was  then  asked  if  it  were 
June  and  replied  that  it  waa  the  month  before  June.  When  asked 
what  month  that  waa,  replied:  "That  is  the  month  of  October."  He 
has  had  practically  no  (schooling  and  can  neither  read  nor  write. 
When  asked  why  he  didn't  go  to  school  when  he  was  a  boy  he  replied 
that  be  wastoo  tbick'bcaded  to  learu.  He  repeated  this  ou  oeveral 
occasions. 

The  following  quealions  were  asked  him:  If  you  hud  two  applesaud 
I  gave  you  two  more  how  many  would  you  have  then*  How  icsny 
•re  five  times  five?  If  you  worked  for  me  five  days  and  I  gave  you  a 
dollar  for  every  day  yon  worked,  bow  mauy  dollars  would  you  have. 
Tu  all  these  and  to  other  questions  be  gave  tbe  same  answer:  "  Don'f 
know."  QneatioDB  in  regard  to  bia  name,  the  names  of  otberst 
bis  age,   and    other    simple    qucations  be  answers  iulelligently  or 
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vitb  bis  indifKerent  "Don't  knov."  la  thh  regard  he  may  be 
compared  to  a  yoimj;  child.  Tbere  in  thi*  Hiflrrcnce,  bowrvrr:  be 
does  Dot  fbow  the  curiosity  of  a  child,  and  dUplaye  very  iittle  men- 
tal iaiattre.  He  is  like  a  child,  however,  in  another  respect:  be  is 
very  fond  of  toys,  ptctare  books,  atid  capeciaUy  of  neckties-  UeRSks 
for  tbem  repeatedly,  but  only  apparently  when  be  notices  then. 
lie  enjoyed  playiisf;  with  my  watch  and  with  my  rinj;  and  asked  [or 
the  latter  si^vcrnl  ttiiien.  Wbrn  told  he  could  not  have  a  thin g  or 
promised  it  luter  be  alx^ays  reuiied  "Thank  yon."  lie  is  unable  to 
tell  time  by  the  clock  or  watcb,  but  almost  always  knows  the  hour 
of  Ibe  day,  which  he  is  no  iloulit  able  to  determine  from  the 
ret(»l>'^ty  ^f  the  institution  life.  To  reply  to  ■  question  b«  said  that 
be  is  twenty-one  years  old  and  tbat  be  bad  been  that  age  fora  long 
time. 

In  reKuid  to  bis  chess  playing  I  should  say  at  the  ootset  that  he  is 
not  a  strong  player,  and  tbat  an  average  player  of  a  year's  experience 
could  probably  play  a«  w<j11  or  better.  It  nhiiulil  be  remi^mberrd. 
however,  tbat  be  has  never  studied  ibe  Kame  at  all.  has  never  played 
re{;ularly.  and  has  not  played  with  many  different  players.  There 
was  ui^  way  of  (letcrmiuin;(  bow  loujj  he  had  known  the  game,  except 
from  bin  own  staletnents  and  these  are,  ol  conrse,  not  very  certain. 
He  said  be  learned  about  three  years  ago,  tbat  no  one  had  taitght  him 
the  moves,  but  that  he  learned  tbeni  by  watcbtng  others  play.  H* 
has  played  checkers  for  many  years,  but  tbere  is  no  trace  In  his  game 
at  present  of  interfereuee  of  association  from  thi»  source.  As  is  to  ha 
expected  from  the  circumstauces  under  which  be  learned,  and  played, 
his  play  showa  very  little  variety,  although  there  waa  aome  improve- 
menl  iu  this  regard  as  well  as  in  general  chess  ability  during  the 
time  I  liii'l  him  under  olMervntion.  He  has  cuneiderablc  familiarity 
with  certain  situations  and  can  be  relied  on  to  meet  tbem  in  certain 
ways.  He  asnally  meets  a  threat,  for  example,  at  once  and  by  dis- 
lodging tbe  tbreoteoiug  piece  if  possible.  An  analysis  of  his  gameB 
shows  a  number  of  oft  recurring  moves  snch  as  Kt-R},  Q-B3.  P-Qj. 
and  advancing  a  pawn  one  scjuare  to  serve  as  n  gnard  for  m  piece  or  a 
pawn  to  be  advanced  at  the  next  move.     Attacking  a  piece  with  a 

EawR,  and  "forking"  two  pieces  are  favorite  methods  of  attack  with 
im.  He  makes  bi«  moves  %-ery  rapidly  and  apparently  with  liltle  or 
no  time  for  considerstiou.  but  usually  waits  very  patiently  for  bis 
opponent  to  reply.  If  the  effect  of  a  move  of  his  opponent  is  not  very 
remote,  he  notea  it  almost  imuic^diatelr.  For  iostSDCe,  on  one  occas- 
ion when  a  bishop  attacked  both  of  his  rooks  he  announced  at  once 
that  one  of  them  was  lost,  and  on  another  occasion  wfacu  bis  queen 
was  attacke*!  by  a  knight,  be  announced  at  once  that  ehc  was  lost,  a 
fact  wbEcb  his  opponent  bad  not  yet  appreciated.  It  may  be,  of 
conrfte,  tbat  he  had  anticipated  tbe  dangerous  move. 

He  bail  a  great  deal  of  difficult  v  with  a  setof  cbessmeoofa  pattcro  dtf- 
feren  t  from  those  be  bad  been  usWg.  I  n  the  new  set  tbe  k  ing  waa  larger 
th.in  tbe  queen,  while  in  the  old  set  the  reverse  was  the  case.  He  was 
utterly  unable  to  use  them  until,  at  his  request,  a  piece  of  colored 
etotb,  wUich  bad  been  tied  around  the  old  queen,  waa  fastened  to  the 
new  one.     After  that  he  had  Ittlle  difficulty  with  the  new  set. 

At  times  he  seemed  to  see  a  situation  very  quickly,  but  to  he  unable 
to  rrtaia  it  in  mind  when  he  attempted  to  meet  it.  For  iDsiance. 
when  trying  to  get  out  of  check,  be  moved  his  king  back  into  check 
several  times,  tbMt  is.  be  would  find  a  move  impoBsiblc,  recall  it  and 
then  a  little  later  attempt  it  again. 

On  tbe  whole  it  is  not  toomnch  to  any  tbat  his  game  compares  quite 
favorably  with  those  of  players  whose  advantages  in  the  way  01  in- 
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BtructioD,  ittidy,  and  practice  have  be«n  ntncb  greater  than  bia,  aad 
there  ia  no  rcasoa  to  doubt  th&t  with  more  practice  and  inatruction  he 
would  be  able  to  improve  his  game  coosiderably. 

Our  coocluBiocLs  from  the  studj  of  this  caac  must  be,  it  scenia  to  me, 
that  chcsa  skill  is  Dot  an  iudex  of  general  ifilelligcDCc,  that  the  rea^ 
aoDini!  involved  in  cbese  playiuR  is  reaaoaioE  witbiu  very  uarrow 
liniitBt  and  that  a  considerable  degree  of  rhesa  skill  is  possible  to  otie 
whoia  mentally  delic'cut  in  aluiost  evcrj-  other  line. 

The  lolIowiDg  reeords  of  Ratncs  played  by  this  player  will  indicate 
to  those  who  are  familiar  with  the  game  something  of  his  chess  ability. 
The  fismes  are  chosen  as  fairly  representative  of  his  play  during  the 
time  be  was  studied,  which  extended  a  littJe  over  two  moalbE,  witb 
aji  interruption  of  three  weeks  between  the  last  observation  and  the 
one  juNt  preceding  it. 


WbUe(re«t>la- 
■Umtco  player) 

1P.Q4 

3P-Kt 

3Q-KB3 

5  Kt-KRj 

6  Q-Kt3 

7  P-K»3 
SQPiP 
9  P-KB4 

10  OKt-R3 

11  Q-B3 
13  KtPxB 
13  K-Ka 

U  KKt'Kts 

15  Kt-gKtj 

16  P.gR3 

17  P-Kt4 

t8  KtxKBP 
19  P-QR4 
aoPxP 
ai  K-Usq. 
«  B-Qa 

23  B-Ksq. 

24  KR-Kt 

«  K-gj 

36  K-KI3 

37  Kt.Qi 
aBPaKt 
39  RQi 

30  ^-KC4 

31  K.Ktaq. 
33  KB 


gikcfc. 
P.Q4 
Kt.gB3 
PK4 
Kt-Hj 
QB-Kts 
«-K2 
B-K4 
ECUP 
Kt.QB3 
KKt-K5 
BxQ 
Q.RSch 
K1.KB3 
KB-B4 
0-0 
P.KR3 
B-QKt3 
RjtKt 
P-CR4 
BxP 
R.K3 
B-Kt3 
fl-R4 

QxBp  (cb) 
SxP  (c^; 
QzR 
QKtrKt 
SxQP 
QxKB 
Q-QBS  (chj 
QEtfiCch) 
32  QKVj  Ccheclt- 

mate) 


White 
r  P-EC4 
J  Kt-RB3 

4  B-Kl5 

SKtxEP 

6B-KB4 

7  llxKKt 

8  Kt<QB4 

9  KB  K3 
loB.KRjCch) 
IIP-Q4 

13  Kt-QR3 

I3P-Q5 

14  0-2) 

'.mi 

itKPxP 
tS  R-Ksq. 
19  RxB 

30  R'Ksq. 

31  R-KStch) 
33  RxR  (check. 

mate) 


Gamg  M>.  f. 

Black.  (Feeble 
roiaded  player) 

P-K4 

Q.Kfi3 

Kt-KR3 

PKB3 

PxB 

QQB3 


B.QB4 

BQR3 

P-QKts 

BxQ 

QxV 

SxQKtP 

RxR 


FLUCTUATIONS   OF   ATTENTION  TO  CUTANEOUS 

STIMULI.* 


By  L.  R.  GBI&SI.SR,  B.  L. 


Ever  since  the  term  "finctnatlon  of  attentioa"  came  into 
psychological  tisage,  it  has  been  assumed  by  many  psychologists 
that  attentioa  itself  is  au  intermittent,  oscillating,  more  or  le<is 
rhyllimiciilly  pulsating  conditton  or  state  of  mind,  A  sufli- 
cieut  proof  of  this  was  thought  to  be  found  in  the  fact  that  a 
continuous  liminal  stimulus  periodically  enters  and  leaves  con- 
sciousness. On  the  other  hand,  it  has  also  been  shown  by 
several  investigators  that  the  unsteadiness  of  liminal  sensation*) 
may  be  due  to  various  other  causes.  This  would  not  necessarily 
disprove  the  oscillatory  nature  of  attention.  But  the  results 
of  an  investigation  carried  on  during  the  last  year  tend  to  show 
that,  under  certain  favorable  conditions,  maximally  concen- 
trated attention  to  liminal  and  supraliminal  cutaneous  stimuli 
remains  approximately  constant  for  at  least  2  to  3  minutes, 
provided  that  phy&iological  adaptation  of  the  sense-organ  and 
violeutly  iotruding  external  or  subjective  distractions  can  be 
prohibited  for  this  length  of  time.  This  is  the  general  outcome 
of  a  series  of  experiments  suggested  by  the  incongruity  between 
the  results  of  previous  investigators  ot  fluctuations  of  attentioa 
to  cutaneous  stimuli. 

The  6rst  experiments  of  this  kind  n-ere  made  in  the  year 
1887,  by  N.  Lange,  with  a  Du  Bois-Reymond  induction  coil.* 
The  observer  held  one  of  the  electrodes  in  the  one  hand  and 
placed  a  finger  of  the  other  hand  in  a  vessel  of  lotcwarm  water 
containing  the  other  electrode.  Lange  found  that  fluctuations 
in  this  sen.4c  department  were  not  as  plain  as  in  the  case  of 
visual  aud  auditory  stimuli,  and  in  fact  coutd  be  observed  only 
after  some  practice.  He  thought  the  reasim  for  this  was  that 
in  daily  life  we  are  hardly  ever  required  and  therefore  little 
accnstnmed  to  direct  our  attention  to  tactual  sensations.  In 
1892  similar  experiments  were  made  by  A.  Lehmann,  who  also 
cOQipared  the  occurrence  and  duration  of  electro-cutaneous 
fluctuations  with  the  periods  of  coucurrent  respiration.'    He 

'From  the  Ptycholo^csl  Idboratoiy  of  Cornell  t'iiiver»it7. 

*Beiirage  nar  TbeorJe  ^er  BincHcben  Aafaicrkeomkcit  nnd  der  act- 
iTirn  Apperception.     PhUos.  Stud.,  IV,  iSSS,  390  ff, 

*Uebtfr  die  Bcziehune  iwisdieu  Atbmuag  Qod  AnfserkMmkeit. 
Pbilot.Stud.,  IX,  1893,  66  fit. 
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fouud  a  surprising  coincidence,  which  led  him  to  IbeconcInsiOD 
that  the  periodical  inDervations  of  the  muscles,  caused  by  in* 
spiratiou.  in  some  way  increase  the  sensitivity  of  the  skin. 

Observations  of  an  entirely  diflFerent  kind  were  made  by  E. 
Wiersmfl,  who  iu  1900  and  1901  investigated  among  other 
things  the  fluctuations  of  attention  to  areal  pressure  sensa- 
tion.' He  employed  a  series  of  6  circular  weights,  i  cm.  id 
diameter,  the  lightest  being  7.4g,  and  each  following  3g  heavier; 
so  that  ibe  series  extended  to  a2.4g.  Tbese  weights  ranged 
for  him  fnira  a  liminal  to  a  distinctly  supraliminal  intensity. 
Each  observation  lasted  5  minutes,  after  which  the  observer 
rested  for  about  8  minutes.  Wiersma  found  tliat  the  total 
time  of  complete  im perceptibility,  as  well  as  the  duration  of 
the  different  periods  of  fluctuation  during  a  single  observation, 
are  proportional  to  the  intensity  of  the  stimulus,  and  that 
toward  the  end  of  each  period  of  observation  liminal  stimuli, 
pressure  as  well  as  visual  and  auditory,  tend  to  (and  often 
actually  do)  disappear  entirely.  This  tendenc>-  of  conscious 
processes  to  lapse  into  unconsciousness  seems  to  him  to  be  in- 
trinsic to  the  flucloations  of  sensitivity.  Quite  different  were 
the  results  of  Ferree's  experiments,  both  with  liminal  pressure 
stimuli  and  with  liminal  clectro-cutaueous  sen^alio^s.'  No 
fluctuations  were  experienced. 

Partly  for  this  reason,  we  decided  to  repeat  his  and  also 
Wiersma's  experiments.  We  also  wished  to  obtain  intro- 
spective data  as  to  the  course  and  contents  of  consciousness 
during  the  experiment,  because  we  expected  them  to  throw 
light  on  the  conditions  of  fluctuation.  According  to  Laoge 
and  many  others,  the  intermitteuces  of  liminal  sensations  are 
due  to  ceutral  causes,  r.  r,  they  represent  fluctuations  of  at- 
tention; iu  other  words,  a  liminal  sensation  periodically  enters 
and  leaves  con^ciouhness  because  attention  itself  is  an  inter- 
mittent or  pulsating  process.  Now  it  may  be  true  that  a 
minimal  lapse  from  maximal  to  a  somewhat  less  concentrated 
state  of  atteution  is  suflicient  to  cause  such  disappearance, 
without  our  being  able  introspcctively  to  observe  this  slip  or 
lapse.  But  if  it  is  unnoticeable,  then  there  is  no  justiBcatton 
for  calling  attention  intermittent;  if  it  is  noticeable,  then  intro- 
spection ought  to  bring  it  to  light.  So  far  as  otir  knowledge 
goes,  no  systematic  appeal  to  introspection  has  been  made  by 
the  supporters  of  Langc's  hypothesis.  On  the  other  hand, 
Lange's  opponents    have   maintained   that   intermittenccs  of 

'DotertncbttiiKeD  Uber  dt«  «oxen«uot«D  Aaf merle Mmkeituchwank- 
aneen.  Zfits.  f.  Ptyck..  XXVI,  1901.  i68-aoo;  XXVIII,  1902,  179-198; 
XXXI.  1903,  iio.ia^ 

'Au  Bxpcritneutal  Ez«intoatioQ  of  the  Pbeaotneoa  Usually  Attri- 
buteri  to  Pluctufltion  of  Atlention.     this  Journal,  XVII.  1906,  119. 
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timinal  sensation  occur  in  spite  of  tbe  most  concentrated  atten- 
tion, and  hence  must  be  due  to  something  else.  They  have 
referred  this  phenomenon  to  periodical  changes  in  the  physio- 
logical conditions  of  the  sense-organ  or  iu  the  sensory  centres 
of  llie  cortex.  Introspection  would  be  plainly  in  their  favor  if 
it  could  tell  us,  not  only  what  is  in  consciousness  while  the 
oscillating  stimulus  is  subliminal,  but  a1>:o  what  is  the  stale  of 
aKentinn  during  the  absence  of  the  original  sensation;  and,  es- 
specially,  whether  it  is  possible  for  attention  to  remain  maxi- 
mal while  different  processes  enter  and  leave  its  focus  during  a 
given  period  of  time.  From  the  350  introspective  records  ob- 
tained during  tbe  course  of  our  investigation,  we  can,  in  a  pre- 
liminary way,  draw  the  f;oaclusioa  that  after  some  practice  it  is 
possible  to  estimate  the  degree  of  attention  given  to  a  certain 
stiisolus  with  fair  accuracy,  and  to  notice  any  shifting  of  tbe 
focus  of  attention. 

I. 

For  tbe  sake  of  comparison,  we  copied  as  closely  as  possible 
Wiersma's  arrangements  and  external  conditions.  Unfortu- 
nately, outside  noises  could  not  be  entirely  avoided.  But  we 
tried  to  eliminate  at  least  al)  visual  disturbances  or  distractions 
by  using  the  darkroom  for  each  experiment.  The  Quctuations 
were  recorded  by  means  of  a  telegraph  key,  connected  with  a 
stylus  writing  on  a  kjinograph  in  an  adjacent  room.  About 
300  records  were  obtained  from  the  following  observers :  Misses 
M.  E.  Almy  (A),  theu  a  Cornell  summer  student  of  slight 
practice  in  introspection,  and  £.  Murray  (M) ,  a  very  careful  and 
experienced  observer,  and  Messrs.  I.  M.  Bentley  (B),  the  only 
obKer\*er  familiar  with  the  problem  besides  G,  the  writer,  I. 
Lande  (t),  W.  H.  Pyle  (P).  and  R.  W.  Sailor  (S).  Observ- 
ers M,  G,  L,  P,  and  S  were  advanced  students  in  tbe  depart- 
ment of  psychology  who  bad  had  general  laboratory  training. 
The  first  set  of  experiments,  with  observers  A,  B,  G,  and  P, 
was  made  during  the  months  of  July  and  August ;  the  second 
set,  with  observers  L.  M,  P.  and  S,  from  October  to  December, 
1906. 

Preliminary  trials  showed  that  Wiersma's  weights  were  not 
liminal  for  our  observers.  Nevertheless  it  seemed  worth  while 
for  comparative  purposes  to  use  bis  material,  and  experiments 
were  accordingly  made  with  these  weights  upon  P  and  G  on 
6  consecutive  dav-s  in  the  order  given  by  Wiersma.  The  ex- 
periments were  also  repeated  for  G  in  reversed  order.  In  tbe 
case  of  the  other  observers,  we  were  content  with  one  or  more 
observations  with  each  of  the  6  weights.  At  the  end  of  each 
trial  the  observer  was  asked  to  write  out  an  introspective  ac- 
count of  the  course  and  content  of  consciousness  during  the 
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experimeut.  In  aboat  165  trials  Wiensma's  arrangraicDts  were 
exactly  followed,  ia  the  remainder  some  modi&catioa  as  to 
weight,  time,  or  area  stimulated  was  introduced.  The  latter 
will  be  treated  separately  later  on.  The  results  obtained  from 
A,  B,  G,  and  P  were  entirely  opposed  to  Wiersma's.  These 
ob«rvers  recorded  no  fluctuations  whatever,  but  stated  that 
the  weights  could  be  perceived  even  if  attention  were  not  di- 
rected toward  them.  But  this  wandering  away  of  attention 
from  the  stimulus  occurred  almost  only  in  the  second  half  of 
the  experiment,  that  is  to  say,  after  about  150  sec.  of  maximal 
concentration ;  for  we  mtist  remember  that  each  observation, 
according  to  Wiersma's  direction,  lasted  5  minutes,  which  ia 
undoubtedly  too  long  and  too  fatiguing.  Other  characteristics 
of  the  introspective  records  appear  in  the  following  quotations: 

Observer  A.  Wei/^ht  16.4^.  "Seemed  so  h«avy  that  I  bad  only  to 
think  of  it  sa  a  -weigbt  to  keep  it  iu  minil.  It  fluctuated  io  apparent 
atnouut  of  pressure  and  in  degree  of  attention,  but  was  easily  held  in 
eonscioD4ue&a  tIirouf;bout  the  time," 

Weight  13.4K.  "Kept  weiRht  in  mind  by  rertwU  idea*  and  by  pro- 
jccting  my  mind  on  tbe  periphery  of  the  weight  as  the  sensation  les- 
sened. I  allowed  it  to  slip  only  once,  when  by  eomparinf^  the  two 
bands  t  decided  there  was  no  feeling;  and  I  started  lo  press  tbe  key 
and  found  I  was  feeling,  tfaonsh  very  faintly;  tbe  movement  of  tha 
rlgbt  band  emphasized  its  freedom  from  weight." 

Weight  I0.4K-  "^t  almost  escaped  me,  us  1  tbouKbt  abont  the 
weights  and  what  they  were  made  of:  but  I  snatched  the  pressure 
teasatioti  back  just  as  tt  began  to  fade  from  consciousness.  1  felt  that 
tbe  weight  was  too  Ught  to  be  held  easily  in  mind,  and  I  had  to  think 
of  it  tnore  nttentirrly  than  I  should  have  to  think  of  a  beaTier  one." 

Weight  7.4g.  "Mad  by  ttffort  from  tbe  beginning  to  keep  weight  in 
first  level  (i.  e.,  biKhcsi  degree)  of  attention,  because  it  was  so  li|{ht 
and  fiuctusted  in  iniensity  so  that  I  could  sometimes  hardly  feel  it. 
Disturbing  noises  once  alnioot  put  it  out  nf  coRsciousness ;  neverthe- 
leas  it  was  votantaiily  held  at  second  level.  I  think  in  words  to  keep 
my  attention  on  it — spoken  words  to  myself — and  try  lo  banish  all 
olher  Ihonghts.  Kept  comparing  the  surfaces  of  tbe  two  hands  to  be 
sure  tbe  weiKht  could  be  felt." 

Ohservtr  B,  Weight  i^.^g.  "tilighl  throbbingof  blood  in  laflt  part 
of  interval.  Surer  tbi*  time  of  no  fluctuations.  Interrupting  dittrac- 
tions  from  fatigue  in  arm.  Some  associative  trains  obscured  stimulus. 
A  tremendous  strain  I " 

Weight  io.4g.  "Heavy.  Distinct  tUrobbJngs  of  blood  in  back  of 
band  and  index  linger.  Pressure  liKbtet  in  last  port  of  interval.  As 
before,  I  seem  to  come  back  to  presiiure  and  clear  it  up  after  distract* 
inir  associations.     Pressure  seems  not  to  bave  lapsed  tind  returned." 

Weight  7.4g.  "In  last  part  of  expefiment,  bad  tbiobbiuK  of  pals« 
in  volar  fore-arm  caused  some  distraction.  Just  at  end  I  was  doiibtfnl 
wbclher  pre«*ure  was  .itill  prcmeut  (yes?)." 

Observer  P.  Weight  I9.4g.  "Attention  on  weight  throughout,  and 
had  richer  sensations  than  usnal.  I'sin  came  in  after  about  a  minute. 
I  thought  a  few  times  there  was  a  flash  of  cold.  I  can  still  feel  sensa- 
tion after  weight  is  removed." 

Weight  \y.%s,  "Pelt  weight  well.  Its  sensation  changed,  a  little 
painful  toward  end.  Many  things  passed  throagh  my  miad,  staying 
only  momentarily." 
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IffigMt  to.4g.  "I  kept  aajrioK  to  myself:  wetgbt,  weight,  in  order 
to  be  sure  of  my  Ktteulton.  Occasionally  I  felt  my  arm  andctneatb 
•ad  someltuick  I  uottce*]  oiy  br«ii tiling." 

Wfight  7.4^.  "A  little  difficult  at  times  to  feel  weight.  1  would 
become  (iuuliiful  aud  attend  rery  cloftely,  tbe  wcigbt  at  ancb  time* 
then  plainly  fell." 

"A  little  painful  at  limes  and  very  faitit  at  last.  Could  bardly  tell 
whrth«T  I  felt  it  or  not." 

The  introspcctioos  of  G,  the  writer,  ate  perhaps  less  valuable 
ihati  the  others,  although  id  their  tnaJa  features  Ibey  differ 
little  from  the  rest.  A  lew  actual  disappoa ranees  of  the  light' 
est  weight,  due  to  some  coaToidable  distract iotis,  occurred  in 
his  case. 

Summarizins;tiowtheobscrvation<;of  A,  3,  G,  and  P,  we  Cud 
(i)  that  a  Bupralituiaal  areal  pressure  stiiuulus  applied  to  the 
skia  will  gradually  chauge  its  original  character  as  to  quality 
and  iulensity,  and  either  di.sappear  altogether  after  2  or  3  min- 
utes or  persist  a.s  a  simple,  indefinite,  vague,  and  unpleasant 
irritation,  which  is  perhaps  sometimes  confused  with  a  result- 
ing pressure  aAer-image.  (2)  These  qualitative  changes  or 
fluctuations  of  intensity  (due  to  physiological  couditiuiiH)  are 
noticed  only  when  and  presumably  liecause  attention  is  concen- 
trated and  becomes  more  concentrated  the  fainter  the  stimulus 
grows.  (3)  After  stifficient  practice  it  is  possible  to  estituatc 
with  fair  accuracy  the  degree  of  attention  gives  to  different 
stimuli  or  to  the  same  stimulus  at  different  and  especially  crit- 
ical moments.  (4)  It  seems  probable  that  attention  can  remain 
maximal  even  while  difTercut  mental  processes  enter  aud  leave 
its  focus,  at  least  for  a  few  minutes.  (5)  The  weighi.s  were 
heavy  enough  to  press  the  mu.<iclc5  beneath,  and  also  to  empha- 
size the  beating  of  the  ptilse  (B  and  G)  against  the  rejusting 
contact  surfoce  of  the  weight ;  these  things  served  either  as 
distraction  or  as  a  criterion  for  the  presence  of  the  stimulus. 
(6)  The  slightest  movement  in  the  upper  part  of  the  body 
increased  the  pressure  to  a  surprising  degree,  probably  becflu« 
it  involved  a  slight  movement  of  the  stimulated  surface  of  the 
hand.  The  last  two  points  serve  to  emphasize  the  fact  that 
very  close  attention  involves  great  muscular  strain.  It  is  pos- 
sible that  breathing,  under  such  conditions,  periodically  causes 
greater  tension  and  relaxation  of  the  muscles  of  the  chest  and 
arms,  and  hence  indirectly  brings  about  the  (often  rhythmical : 
B  and  G)  fluctuations  of  intensity  in  the  pressure  of  the 
weight  upon  the  muscles  undcrueath  the  skin.  Of  course 
these  results  cannot  fairly  be  compared  with  Wiersma's,  be- 
cause the  stimuli  were  not  liminal ;  and  therefore  another  set 
of  experiments  had  to  be  made  for  the  purpose  of  getting 
Uminal  pressure  sensations. 

Unfortunately,  it  was  impossible  to  continue  with  the  same 
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observers,  except  F,  and  bence  our  new  observers,  L,  M,  and 
S.  had  to  begin  afresfa  with  Wiersma's  series,  in  order  to  de- 
termine whether  for  them  these  weights  were  timinal  or  not. 
At  first  sight  this  seemed  to  be  the  case,  but  the  introspections 
proved  the  contrary. 

For  example,  L  recorded  the  following  fluctuations  (indicated 
by  the  minus  sign  preceding  a  number)  id  the  first  set  of  ob- 
servations taken : 

Obstrvet  L. 


No. 

Weight. 

PItictnstioDS  Id  Secoods. 

I 

7-4K 

+  58-2+179-6  +  25-4+ (3-ij 

3 

lO^g 

+  136-3+11  -9+55-^+44-14+14-6 

I 

»3-4g 

+  6^-2+36-4+42-7+32-7  +47-10+IO-16+18 

4 

l6-4g 

+  5i-i3+5a-^;  +  i43-4  +  aa 

But  the  correspond ioR  introspections  plainly  show  that  the 
disappearance  of  the  sensation  is  due  to  distractions  which 
forcibly  claim  altcnliou.  In  a  few  cases,  cspecJaUy  those 
toward  the  end  of  the  observation,  the  organism  gradually  be- 
comes adapted  to  the  stimulus,  which  would,  we  may  infer,  be 
lost  without  recovery,  were  it  not  for  certain  involuntary 
tremors  occurring  in  the  hand  or  for  slight  movements  in  other 
parts  of  the  body.  Nevertheless,  it  is  important  to  notice  that 
the  longest  periods  of  absolute  perceptibility  in  nos.  i,  2,  and 
4  lasted  i;9  sec,  136  sec.,  and  143  sec.  respectively,  which  is 
characteristic  for  all  other  observations  with  the  same  stimuli, 
and  undoubtedly  indicates  that  attention  was  approximately 
constant  and  undisturbed  during  these  periods. 

In  the  case  of  S  the  few  recorded  fluctuations  are  plainly  due 
to  distractions  of  atteotion  caused  by  such  things  as  "finger 
ring  pressure."  "itching  of  hand,"  "twitching  of  an  arm 
muscle,"  "ache  in  right  shoulder;  "  by  trains  of  ideas  ;  or  by 
external  noises  and  disturbances.  But  with  greater  practice  S 
leamc^d  more  and  more  to  disregard  these  distractions  and  the 
number  of  disappearances  became  less,  being  finally  only  3 
duriug  an  observation  of  5  minutes.  This  means,  of  course, 
that  the  periods  of  absolute  perceptibility  became  correspond- 
ingly longer,  some  of  them  lasting,  for  example,  99  sec.,  no 
sec.,  180 sec,  and  200 sec.  S  noticed  also  in  his  introspections 
that  the  quality  of  the  sensation  set  up  by  the  weight  cbanfces, 
being  sometimes  "a  pricking  sensation  under  the  weight," 
sometimes  wann,  and  toward  the  end  sHghily  paiuful. 

The  results  given  by  M  were  of  a  different  nature.     Finding 
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that  tlic  weight  wbeu  put  on  the  skin  gave  not  only  pressure, 
but  also  set  up  a  complex  of  other  cutatieotts  M^nsations,  she 
attempted  to  abstract  from  them  and  to  observe  the  pressure 
only.  This  required  a  constant  analysjsaiid  often  made  it  very 
dtfDcuU  to  decide  u-betber  pressure  itself  was  still  there  or  not. 
At  such  moments  of  doubt  attention  was  easily  drawn  away  to 
some  other  disturbing  factor,  and  hence  gave  rise  to  a  tmnilier 
of  disappearances  of  the  pressure,  while  nevertheless  the  weight 
could  be  perceix-ed  in  terms  of  some  other  cutaneous  sensation. 
This  will  come  out  in  the  following  quotations: 

Observer  M,  Weight  3a.4K-  "NumbUb.  nuplea^nt  fccliagB; 
wanted  to  throw  it  off,  or,  sometimes,  to  move  hand  in  order  to  sec  \i 
it  was  tttill  there  aud  iutensify  llic  pressute.  Wbcit  do  distinct  pres- 
sure KiiBStions  were  present,  there  was  often  a  residao  of  vague  itch- 
ing or  vibratory  fcclini;,  internal.  On  the  other  baud,  the  retnm  of 
the  presaurc,  as  pressure,  was  always  disliuct,  abrupt,  as  il  weight 
were  oewly  lowered  on  Bkio." 

Weif^hl  If)  4K-  "  Disappearance  twice  correlated  with  a  tinj^liaji  in 
tbuinb,  wbicb  seemed  to  swamp  other  sensations  from  baud.  At  other 
times  distraction  seemed  to  be  a  sensation  in  head,  which  ptisbcd  to 
front  of  consciousness.  Many  minor  Ouctnatious  of  intensity,  when 
the  (eeliug  was  that  while  the  sensation  remained,  it  was  temporaiily 
blarred  over,  partly  by  the  crowding  in  o(  aensattons  from  other  parts 
of  the  hody,  were  not  recorded." 

Weight  iTi-^f-,.  "At  first  easy  to  bold  attention  on  pressure  aensa- 
lion.  Got  tired  toward  end — bard  to  concentrate  on  it  again.  Seoaa^ 
tion  itself  attetided  to  variea  very  mach — pressure  part  seems  to 
decrease  considerably  in  intensity  toward  end.  Other  elements,  tern- 
peratnre.  tingling,  etc.,  vary  also  from  time  to  time.  Pressing  of  key 
aeeniti  to  hriug  pressure  element  abruptly  back.  Toward  end,  con* 
kIous  of  pressure  of  weight  only  as  a  vague  discomfort  over  that  area." 

Weight  I04g.  "As  alx>Te.  very  difficult  to  keep  attention  on  pres> 
sure  pure  and  simple — keeps  shading  oS  into  taiut  tingling  or  glow 
(cold?).  Toward  end,  sensations  from  weight,  which  bad  been  vague 
and  elusive  for  qnite  a  period,  came  back  wben  I  coughed  and  invol- 
untarily uiovcd  baud.  These  (^ircsaure  aud  cold)  remained  with 
hardly  a  Buctuatiou  for  rest  of  scries,  much  clearer  than  in  earlier 
part  of  record." 

Weight  7.4g-  "  Blanks  recorded  sometimes  (as  alxive)  mere  ligbten- 
higs  and  returns  of  the  pressure  sensation  in  its  setttng  of  sarrouudlng 
cutaneous  sensations.  Sometimes  a  total  shift  of  attention  to  other 
apheres  of  sensation,— distraction  usually  visual.  Toward  end  the 
sensation  reappears  more  as  beat  or  dull  ache  than  as  pressure." 

In  order  to  test  or  check  these  observations.  M  was  given 
another  series  of  experiments  with  the  same  weights,  but  with 
the  explicit  instruction  to  record  ouiy  the  intervals  whcu  there 
was  no  indication  of  the  presence  of  the  weight,  whether  per- 
ceived as  pressure  or  in  terms  of  some  other  cutaneous  sensa- 
tion. The  results  were  strikingly  different,  for  only  a  few  sub- 
jective distractions  occurred,  such  as  were  mentioned  before  by 
her  as  well  as  by  the  other  obser^'ers.  It  would  be  interesting 
to  know  whether  Wiersma  found  similar  pheuomena  in  his  ex- 
periments, but  unfortunately  he  gives  no  introspective  account 
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of  the  qualitative  nature  of  the  sensations  set  up  by  the  weights, 
and  hence  it  is  impossible  to  say  whether  bts  obscn*ations  are 
ofM'skindor  not.  A  general  summary  of  the  introspective 
material  obtained  from  L.  M,  and  S,  with  regard  to  experiments 
on  Wiersma's  weights  only,  agrees  in  all  of  the  main  points 
with  that  of  the  first  group  of  alwservers  and  hence  need  not  be 
repeated  here.  The  results  plainly  showed  that  Wiersma's 
stimuli  were  by  no  means  liminal  for  either  I.,  M.  or  S,  and 
hence  we  decided  to  continue  the  cxperimeuts  with  lighter 
weights. 

For  this  purpose  we  made  a  new  set  of  weights,  of  6g.  5g, 
4B-  3K.  2.5g.  2g.  i-sg.  ig.  and  .5g,  with  the  same  diameter  of 
1  cm.  The  observers  were  L,  M.  P,  and  S,  and  over  loo  obser- 
vations were  taken.  We  also  introduced  into  some  experi- 
ments certain  variations  of  procedure,  by  changing  the  stimu- 
lated area,  or  by  sborteoioK  the  period  of  observation  from  5  to 
3  minutes.  These  changes  seemed,  however,  to  have  little 
appreciable  efiect  upon  the  restilts  or  upon  the  introspective 
accounts. 

In  the  case  of  L,  for  example,  whose  earlier  restilts  were  in- 
fluenced by  the  interfering  tremors  of  the  band,  this  source  of 
disturbance  was  now  not  strong  enough  to  shif^  the  weights 
6g.  5g,  4g,  and  3g.  so  that  ihey  sliould  be  i>crceived  again  after 
having  once  become  imperceptible.  Final  disappearance, 
probably  due  to  physiological  adaptation  or  perhaps  fatigue, 
did  not  take  place  with  these  weights  until  toward  the  cud  of 
the  second  or  third  minute;  forexample,  after  96sec.,  iiosec., 
113  sec..  164  sec.,  etc.  But  the  lightest  weights,  oamely, 
3g,  I  5gi  Ig.  anc!  -5S)  disappeared  during  the  first  minute  and 
could  not  be  recovered,  save  when  a  considerable  involuntary 
movement  or  "jar"  occurred  in  the  lower  Iclt  arm.  This  hap- 
pened twice,  perhaps  as  the  re^sult  of  an  uncomfortable  position 
of  the  arm  during  the  particular  experiment.  Introspective 
accounts  were  again  demanded.  They  show  as  before  that  for 
some  time  after  tlisapiiearance  attention  was  extremely  concen- 
trated in  an  effort  to  recover  the  sensatioo,  though  without 
success. 

The  cesalls  of  S  are  very  similar  to  L's.  The  same  total 
disappearance  without  recovery  is  here  noted.  But  again  there 
was  not  the  least  regularity  or  proportionality  of  the  period  of 
perceptibility  to  the  intensity  of  the  stimulus.  The  shortest 
period  of  perceptibility  occurred  with  weight  3g,  which  once 
disappeared  after  iH  sec.  although  introspection  showed  that 
attention  was  maximal,  while  the  two  lightest  weights  could  be 
perceived  for  about  a  whole  minute.  The  following  figures  are 
significant,  as  illustrating  the  fact  that  attention  could  be  kept 
approximately  constant  to  liminal  cutaneous  stimuli  for  fairly 
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long  periods:  94  sec.  for  weight  .5%,  68  sec.  aod  78  sec.  for  ig, 
96  sec.  for  i.5g,  84  sec.  for  2g,  120  sec.  fur  2.5^,  112  sec.  for 
3g,  88  sec.  for  4g,  122  sec.  and  144  sec.  for  5g,  and  197  sec. 
for  6g.  Again,  the  introspectiODS  in  these  experiments  bring 
out  the  fact  that  the  effort  to  recover  the  lost  sensation  by  con- 
centratioQ  of  attention  was  unsuccessful,  and  the  attempt  finally 
given  up,  priucipally  because  other  cutaneous  sensations  from 
the  lower  arm  as  well  as  the  other  common  distractions  became 
strong  and  even  unpleasant. 

Different  results  were  obtained  with  M  and  P.  Both  ob- 
servers perceived  even  the  lightest  weighu  during  the  whole 
period  of  5  minutes.  Subjective  distractions,  such  violently 
intruding  disturbances  as  "jarring  of  Boor,"  or  "cold  and  ache 
in  6ngers  toward  end,"  etc.,  occurred  to  M  with  irregular  fre- 
quency from  one  to  five  times  during  5  minutes'  observatioo, 
and  were  of  very  short  duration.  P  also  mentioned  the  occur- 
rence of  occasional  momentary  diversions  of  attention.  The 
difference  between  L's  and  S's  results  on  the  one  band,  and 
M'sand  P's  results  on  the  other,  is  probably  due  to  several 
foctors ;  but  the  introspections  of  the  latter  observers  bring  out 
mainly  two.  In  the  first  place,  it  was  very  difficult  for  both  M 
and  P  to  tell  exactly  whether  the  sensation  perceived  in  the 
stimulated  area  arose  from  the  weight  or  not.  To  quote  from 
introspections : 

Observer  M.  Weight  o.5g.  "Very  light  weight :  attention  harder  to 
mAiutait]  (tirat  two  Tccords  show  complete  iliaLTActioRii  of  attention). 
Found  uiy»el(  continually  teudiug  to  atf^ud  to  the  band  as  a  whole 
Bad  compare  irith  normal  sensationa  in  order  to  decide  whether 
weight  had  disappeared ;  always  aeetued  to  find  some  kind  of  aeniation 
left." 

Weight  Ig.  "Mnch  the  same  as  above,  but  E  fonsd  it  more  defi- 
nitely limited  to  approsimatc  area  of  weight.  Rarely  a  light  contact 
s^osatloo ;  bat  in  nntt  part  intermittent  pulsing  sensation  a«  \i  throl>- 
bing  of  arteries  lifted  and  dropped  the  weight;  then  later,  mnftcalar 
tension  and  weight  feeling,  deeper  and  ns  intensive  as  far  heavier 
weights." 

P's  observations,  though  less  explicit  on  the  point  at  issue, 
clearly  indicate  that  the  complex  character  of  the  light  weights 
was  not  perceived  simultaneously,  but  rather  successively, 
changing,  e.  g.,  from  "a  very  delicate  touch"  to  temperature, 
generally  warm,  theu  to  pain,  and  lastly  to  a  "numbish  indefi- 
nite something."  These  "different  aspects  of  the  weight,"  as 
P  him:*elf  termed  them,  helped  him  in  judging  the  pressure  of 
the  stimultis-  Nevertheless,  he  doubted  the  possibility  of 
sensing  a  very  light  weight  for  5  minutes,  and  said  that  some- 
times he  was  not  sure  whether  what  he  felt  was  cutaneous  and 
jtist  below  the  pressing  weight,  or  whether  it  was  something 
more  deeply  subcutaneous,  or  even  at  a  small  distance  from  the 
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stimnlated  spot.  Since  M  had  entirely  given  op  the  attempt 
to  analyze  the  sensational  complex  set  up  by  the  light  weighte, 
she  was  less  easily  and  less  often  distracted,  and  employed,  like 
P.  every  qualitative  change  in  the  stimulation  as  a  criterion  for 
judging  the  presence  of  the  stimulus.  The  fact  that  both  M  and 
P  had  great  difficulty  in  observing  the  actual  nature  of  a  litninal 
areal  pressure  stimulns  .seems  lo  be  in  line  with  a  similar  diffi- 
culty which  Spindler  found  in  determining  the  nature  of  the 
after-effect  of  areal  stimulation.* 

This  aiticle  suggested  to  us  the  second  phucipal  factor  in- 
volved in  the  difference  between  M's  and  P's  results  and  those 
of  L  and  S.  Since  L  and  S  never.  M  and  P,  however,  very  frc- 
qnently,  mentioned  a  long  la.sting  after-sensation,  it  is  possible 
that  the  latter,  instead  of  having  the  actual  sensation  from  the 
weight,  perceived  only  an  after-sensation  which  might  have 
arisen  after  the  weight  itself  had  become  imperceptible,  though 
still  present.  At  least  both  M  and  P  often  found  that  even 
immediately  after  removal  of  the  light  stimulus  the  previous 
sensation  persisted  without  changing  in  any  way  whatever. 
However  else  the  difference  might  be  accounted  for,  it  is  not 
further  relevant  to  the  general  conclusions  to  be  drawn  from 
these  experiments. 

Summing  up  the  resnlts,  we  arrive  at  the  following  facts  and 
conclusions : 

(t)  A  liminal  areal  stimulus  applied  to  the  skin  after  about 
a  minute's  time  loses  its  original  character,  and  either  disap- 
pears altogether  after  the  lapse  of  anolhirr  minute  or  two.  or 
persists  as  a  simple,  indefinite,  vague,  and  unpleasaat  irrita- 
tion, 

(a)  It  is  possible  for  a  practised  observer,  under  most  favor- 
able circumstances,  to  concentrate  attention  for  at  least  3  or  3 
minutes  upon  an  areal  pressure  stimulus  of  liminal  intensity 
without  experiencing  any  kind  of  fluctuations. 

(3,}  Qualitative  changes  in  the  cutaneous  sensation  itself  are 
noticed  only  while,  and  presumably  because,  attention  is 
maximal. 

(4)  There  is  a  strong  tendency  for  attention  to  become  more 
and  more  concentrated  the  fainter  the  stimulus  grows. 

(5^  The  muscular  effort  involved  in  maximal  attention  to  a 
single  liminal  stimulus  makes  concentration  during  a  period  of 
5  mioutes  very  difficult,  painful,  and  fatiguing. 

II. 

In  repeating  Ferree's  experiment  with  electro-cutaneous 
stimulation  of  the  tougne,  we  found  some  difficulty  in  eliminat- 


*  After-ScDsation*  of  Touch.     PiycA.  Rfv.,  IV,  1897,  631  ff. 
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ing  the  touch,  pressare,  and  taste  sensations  set  dp  by  the 
electrodes.  The  best  results  were  obtaiaed  by  applying  a  t% 
solatioii  of  cocaine  to  the  fore  part  of  the  tongue,  upon  which 
2  strips  of  tin  foil  (Christmas-tree  foil),  hammered  as  thin  as 
possible,  were  laid.  The  strips  were  connected  with  the  ioter- 
mpter  of  a  Du  Bois-Reymond  indnction  coil.  Unfortunately, 
the  number  of  interruptions  could  not  be  regulated  or  even  kept 
constant  during  a  single  obscr^-ation,  because  the  screw  by 
which  the  intemipter  was  adjusted  tended  to  work  loose.  The 
cocaine  itself  gave  rise  to  certain  sensations;  but  as  soon  as 
these  began  to  fade  away  the  tin  foil  electrodes  could  be  ap> 
plied,  and  were  generally  not  perceived  for  a  long  time.  The 
movable  coil  was  adj  usted  to  the  Itmen  for  the  different  observ* 
ers,  whicb  was  at  lo  cm.  above  the  zero  point  for  M  and  G, 
and  at  9  cm.  for  L.  Each  experiment  lasted  2  minutes,  after 
which  ihe  observers  rested  as  long  as  they  desired.  Toward 
the  end  of  the  period,  adaptation,  or  perhaps  fatigue,  set  in 
and  caused  the  sensation  to  disappear  altogether  without  recov- 
ery. About  50  obscT\'ations  were  taken  with  L,  M.  aod  G, 
during  January  of  this  year. 

The  results  were  very  similar  to  those  with  the  weights,  and 
•greed  with  Fcrrec's  observations.  It  was  impossible  to  avoid 
all  snhjective  distractions,  which  xvere  principally  of  two  kinds. 
First,  it  is  very  difficult  to  bold  the  tongue  perfectly  motionless 
for  more  than  i  minute.  After  this  interval  it  was  practically 
Impossible  to  avoid  little  involuntary  movements,  which  some- 
times caused  the  electrodes  to  shift  or  slip  off.  The  other  kind 
of  distraction  was  due  to  the  fact  that  generally,  after  about  70 
or  80  sec.,  the  exposed  part  of  the  tongue  became  more  or  less 
dry,  wbicJi  either  resulted  in  tbe  entire  disappearance  of  the 
stimulus  or  caused  the  electrodes  to  stick  fast  to  the  tongue 
and  exert  a  pull  strong  enough  to  overcome  the  faint  electrical 
stimalns.  In  spite  of  these  diffiailties.  we  obtained  10  fairly 
good  observations  from  each  of  the  three  observers,  which 
plainly  showed  that  liniinal  electro-cutaneous  stimulation  of 
tbe  tougue  does  not  give  rise  to  iutermittent  sensations. 

Introspective  accounts  were  demanded  after  each  obserra* 
tion,  whether  successful  or  not.  Tbe  condition  of  tbe  tongue 
immediately  after  the  application  of  cocaine  is  described  in  the 
first  three  of  the  fallowing  Introspections,  while  tbe  rest  are 
typical  accounts  of  the  experiment  itself: 

Observer  L.  "Tongue  (eela  velvety  when  rubbed  against  the  leetb; 
also  tbere  is  what  migbt  be  called  a  vague  sensation  of  natnbneaa,  a 
aen«e  o(  miriciioD." 

Odserver  jV.  "Tongiie  (after  cocaine)  feels  as  if  it  bad  been  borned. 
A  tbick,  soft  layer  on  surface  witb  slight  stiug  asdcrncatb.  Tender, 
•wollen," 

Observer  G.    "Toogne  feets  Damb,  tight,  or   stretched,  slightly 
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roBcb,  flometimca  baraing,  lometimea  cold,  sb  if  melting  ke  was  put 
on  »;  A  ineUllic<bitt«r  lASle  rentftina  (or  some  time  and  Siiftllf  fades 
•war,  leaving  only  a  vatc"^  feeling  of  numbness." 

Ooserwr  L.  "Current  always  faintly  felt;  mnch  attention  required; 
tongue  numb;  stronger  aeusalious  at  ttmcs  than  at  otben*.'* 

"Current  weak;  fluctuation  (t.  e.,  s  total  disappearance' wltboat 
recorery)  I  believe  due  to  electrodes  stic!kJng  as  it  were  to  tongue 
which  dried  from  exposure.  During  fluctuation  attention  was  still 
focussed  in  an  efiort  to  call  the  sensation  back,"  (Ao  ausDCceasfnl 
experiment.) 

Observfr  M.  "Felt  cnrrent  distiuctly  as  little  intermittent  pokes 
ioCo  toufrne.  Less  difficulty  with  lonftue  than  usual,  i,  e.,  less  wig- 
gling. Discovered  tbat  what  had  onec  sectncd  like  a  gap  in  the  cnr> 
rent  was  really  filled  with  uiiaor  vibrations  which  seemed  to  require 
an  active  shift  of  the  allentiou  to  get  hold  of." 

Observer  C  "Intensity  tnorc  regalar  tbia  lime;  in  right  electrode 
I  (elt  the  little  beatings  <juitc  distinctly.  SometJmea  a  cold,  metallic 
taste  fused  with  the  eleclro-cQlaneous  scnsalions." 

Here  again  it  s«ems  obvioas  that  the  obsei^'ers  were  able  to 
notice  not  only  any  shift  of  attention  to  a  source  of  distractioD. 
but  also  whether  or  not  attention  remained  maximal  dnriag  a 
disappearance  of  the  original  sensation.  The  fact  that  it  did 
remain  constant  for  at  least  3  minutes  leads  us  to  the  twu-fold 
conclusion  ( i )  that  liminal  electro-cutaneous  sensations  under 
favorable  conditions  do  not  fluctuate,  and  ( 2 }  that  even  if  inter- 
ruptions occur  in  such  sensations  owing  to  extcTual  disturb- 
ances, attention  itself  may  remain  concentrated,  merely  shifting 
its  focii&  from  the  lost  sensation  to  the  intrudiug  distraction  and 
back  again.  It  seems  reasonable  to  supjxjse  that  the  disturb- 
ances would  not  have  been  sufficient  to  distract  attention  if  it 
bad  not  been  directed  to  a  single  liminal  cutaneous  stimulus 
which  is  very  monotonous  and  almost  indifTereut  as  to  its 
affective  tone,  but  to  supraliminal  stimuli  or,  better  still,  to 
topics  of  greater  diversity  and  of  higher  aiTective  coloring. 
This  is  borne  out  by  almost  daily  observations  in  actual  life, 
such  as  the  intensive  reading  of  an  interesting  novel,  listening 
to  a  piece  of  mtisic,  what  is  generally  called  absent-mindedness, 
etc.  Here  certainly  attention  remains  maximal  for  a  consid- 
erable length  of  time,  while  there  is  a  rapid  change  of  the 
mental  processes  occupying  the  focus  of  attention.  But  fuller 
evidences  of  this  fact  are  greatly  needed,  and  must  be  obtained 
by  a  more  systematic  appeal  to  introspection  with  this  particular 
end  in  view.  That  our  own  introspective  records  are  not  suffi- 
ciently explicit  in  this  regard  is  due  6rst  to  the  fact  that  our 
observers  tended  rather  to  justify  occurring  distractions  than  to 
emphasize  the  periods  when  attention  was  absolutely  concen- 
trated upon  the  stimulus;  and  secondly  to  the  fact  that  the 
stimulus  set  up  a  complex  of  sensations  which  they  were  eager 
to  analyze  and  describe.  Neverthele^,  our  final  conclusion 
must  be  that  uuder  favorable  circumstances  attention  focussed 
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upon  liminal  and  snpT&liminal  cntaneoos  sensations  remains 
approximately  constant  for  at  least  3  to  3  minutes,  provided 
that  physiological  adaptation  of  the  sense-organ  and  violently 
intmding  distractions  can  be  avoided  for  this  length  of  time. 
The  normal  course  of  events  is  that  the  sensation,  once  set  up- 
fades  out  steadily  and  gradually  in  consequence  of  adaptation. 
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The  desirability  of  substittitiiig  an  accnrate  numerical  index 
for  mere  verbal  expressions  of  correlation  has  been  very  clearly 
set  forth  by  Gallon,  Pearson,  Yule,  Spearman,  Wissler,  and 
other  writers.'  But  the  most  accurate  formula,  the  'product- 
moments'  formula  of  Pearson,  is  attended  with  arduous  labor. 
We  may  greatly  abridge  the  numerical  work  by  the  use  of  an 
adding  machine*  and  of  appropriate  tables,  such  as  Barlow's 
7*aWf  o/  Squares, ^u^  KrelW s  Afuitifificaiion  Tables.  Further, 
the  computation  of  a,  the  standard  deviation,  may  often  be  re- 
duced by  considering  it  as  equal  to  m,  v.,  or  the  average  devia- 
tion, times  the  constant,  1.2533.  Yet,  even  so,  the  task  is 
considerable,  so  that,  particularly  if  one  has  to  determine  a 
number  of  correlations,  it  is  desirable  to  use  a  shorter  method 
for  preliminary  exploration. 

A  nunilxrr  of  shoitcT  correlation  methods  have  been  described.' 
It  is  the  purpose  of  the  present  article  to  describe  a  simplifica- 
tion of  one  of  these  methods  that  the  writer  has  found  very 
expeditious  and  serviceable  for  the  determination  of  an  approxi- 
mate numerical  correlation.  This  method  is  based  upon  the 
use  of  what  is  known  as  Sheppard's  formula,  which  may  itself 
be  regarded  as  a  simplification  of  one  of  Pearson's  auxiliary 
methods. 

For  the  application  of  this,  as  of  most  formulas,  the  data  of 
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The  Proof  «ml  MeniUTemeDt  of  AftBOctstion  Between  Two  Tbinga, 
WAtJoutnalt  XV.  1904,  72;  C.  Wissler,  TIlc  Correlalion  of  Meutal  ana 
PbytlcAl  Tests,  Piyck.  fifv.  Afon.  Sufifi.  No.  16,  1901,  The  important 
CODtribtitiotia  of  K.  Pearson,  am!  R.  Vulc,  will  be  fouuil  iii  the  /Voc. 
Royal  Soc.  of  l,ondoD,  in  the  PHU.  Tramaclions  of  ihe  same  body,  tbe 
/our.  Royal  Slat.  Soc,  unA,  in  their  more  recent  applications  to  bio* 
Icwical  problcmE,  In  the  several  volumes  of  the  Biomehika,  igoi  S. 

*An  Inexpensive,  bat  Tery  Mrricenblc  rterlce,  known  sa  the  Gem 
Adder,  i«  now  put  on  thc.markct  by  the  Automatic  Adding;  Machine 
Company,  Broome  St.,  Mew  York  City,  at  a  price  of  fifteen  dolUra. 
and  19  well  worth  purchase  by  an;  one  who  contemplates  Qorrelation 
work. 

'See,  foi  example,  the  artklca  by  Spearman  and  Wissler. 


DETERMINING   THE   IKDEX  OF   CORRBLA1*IOIll. 


J23 


each  of  the  two  series  to  be  compared  must  first  be  distributed 
in  an  orderly  array.  Suppose,  to  take  a  concrete  instance,  we 
wish  to  ascertain  the  correlation  between  the  accuracy  with 
which  50  boys  caucel  c  from  a  printed  slip  and  the  accuracy 
with  which  the  same  50  boys  cancel  g.  r,  s  and  /from  a  similar 
slip.  The  results  of  each  test  are  first  arranged  in  order,  the 
least  accurate  boy  first  and  the  most  accurate  last.  We  can 
then  either  determine  the  average,  in  which  case  all  the  boys 
that  rank  below  the  average  are  minus  and  all  that  rank  above 
are  plus,  or  we  can  simply  take  the  median  value  and  consider 
the  first  25  boys  in  each  array  as  miuos,  and  the  second  35  as 
plus,  cases.  By  rapid  compari&on  the  following  values  are  next 
determined: 

ft  =  no.  case*  tbat  are  pins     la  the  itt  nnd  pins     in  the  kI  serie*. 

b= pin*      mmu» 

c  = '      "  minuB  "     "    "     "    plus      *•    •*    "     " 

d  =    "      <■     ■  "      '■  miDBB  *'     '*    "'      "    mlnai  "    "    "     " 

The  index  of  correlation  may  now  be  obtained  by  reference  to 
one  of  Pearsou'a  simpler  formulas: 


a    Vad"  +     -s/bT 

Now  this  formula  may  be  brought  into  a  more  convenient 
form  if  we  replace  the  »ine  by  the  cosine  of  its  complement. 


CM 


La  3 


V^  + 


^] 


when  we  can  reduce  to 


Vbc 
'  "^  ^*  V^  +  <\?^  *' 

If,  now,  we  further  simplify  by  substituting  for  the  square 
root  of  the  product  of  the  l  and  ^  cases  the  percentage  of  cases 
with  unlike  signs  (U).  and  for  the  square  root  of  the  product 
of  the  a  and  d  casts  the  percentage  of  cases  with  like  sgns  (L)/ 
we  obtain  Shcppard's  formula: 


1.  +  tJ 

The  results  of  this  formula  do  not  difler  appreciably  from  the 
foregoing  as  the  value  of  the  fraction  is  virtually  identical. 


I  Tbat  ta,  virtoally,  snbBtitotuig  Um  arithiDctical  for  tbe  geoBictriesl 

mean. 
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Now,  since  L-f-U  must  alwayaequal  loo,  and  since  r^iSo*, 
this  formula  may  be  written  for  firreater  CDnvenience, 

r  =  cosU  1.8* 

Finally,  since  tbe  values  of  U  must  range  from  50  to  o  for 
positive,  and  from  50  to  100  for  inverse  correlations,  it  now  be- 
comes possible  to  prepare  a  simple  table  from  which  the  values 
of  r  for  any  integer  value  of  U  may  be  read  directly,  and  I  have 
here  introduced  this  Table  in  the  hope  that  it  may  prove  of  in- 
terest and  assistance. 

Correlation   Table. 

for  the  formula  r  =^  cos  U  1.8" 

If  U  is  greater  than  50,  first  substract  it  from  100,  then  pre- 
fix the  minus  sign  to  the  correlation  indicated. 


u 

r 

0 

r 

D 

r 

U 

r 

U 

r 

0 

1. 000 

10 

■951 

10 

.809 

30 

■^ 

40 

309 

I 

•999 

ti 

■941 

31 

.790 

31 

.563 

41 

248 

s 

-99a 

12 

.939 

33 

.770 

3» 

■536 

43 

3 

•995 

'3 

.917 

'3 

■750 

33 

.509 

43 

218 

4 

.99a 

14 

904 

34 

.738 

34 

.482 

44 

i»7 

1 

•987 

15 

.89r 

35 

.707 

3S 

-454 

45 

15* 

.982 

t6 

.S76 

36 

.6S4 

36 

.436 

46 

I3S 

\ 

.976 

.968 

;i 

.860 
■844 

37 

38 

.661 

.637 

s 

■397 
.36B 

47 
48 

S5 

9 

.960 

«9 

.817 

39 

.613 

39 

■338 

49 

031 

It  will  be  seen,  then,  that  the  discovery  of  the  approximate 
numerical  value  of  the  correlation  between  two  series  of  data  is 
reduced  to  four  simple  steps,  (i)  distribution  of  the  data  into 
two  arrays  sectioned  at  the  median.  (2)  counting  the  cases 
with  unlike  signs  and  {3)  dividing  this  number  by  the  total 
number  of  cases.  (4)  reference  to  the  Tabic. 

The  probable  error  may  be  calculated  from  the  formula; ' 

*.   #.   =   Bin    I    0.1686  r(l  — I«)      /_+_    +    _   +    _| 

L  V      a  b         c         d-> 

To  illustrate  the  employment  of  these  methods,  in  the  exam- 
ple cited  the  following  values  were  obtained:  a  =  18,  A  =  11, 
f  =  8,  */  =  13.  Hence  U  -=■  38.  By  the  use  of  either  short 
formula,  r  =  -+-.37  with  p.  e.  =  .26.  By  the  use  of  Pearson's 
product- moments  method  we  obtain  for  the  same  arrays,  r  ^ 
.47,  with  p.  e.  =  .06,  but,  by  actual  timing,  after  the  distribu- 
tions had  been  made  the  Grst  method  occupied  eight  minutes 


^The  value  of  (i-r*)  for  all  Talacsof  rmay  be  obtaioed  dtrecttj  from 
■  Table  published  by  Yule,/Mir.  R.  S.  Sac,  X.,  1897.  853-3- 
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and  the  second  two  hours  and  fifteen  minates,  even  with  the 
aid  of  the  adding  machine  and  the  Tables  previously  mentioned. 
The  short  method  cannot,  of  course,  be  rAommended  for 
the  final  determination  of  important  correlations,  because  the 
probable  error  is  large,  particularly  with  relatively  few  cases 
and  a  low  value  of  r,  but  it  is  very  serviceable  for  the  pre- 
liminary examination  of  such  data,  and  may  give  results  of 
value  when  the  scale  divisions  are  fairly  fine,  the  data  symmet- 
rically distributed,  the  number  of  cases  not  too  small,  and  the 
correlation  large,  say  above  0.50. 


SOME    EXPERIMENTS    ON    THE    ASSOCIATIVE 
POWER  OF  SMELLS. 


By  B.  M.  BOLGKR  and  B.  B.  Titciibkkr. 


This  brief  comTnunication  may  be  regarded  as  a  foot-note  to 
the  study  published  under  the  same  title  in  1905  by  the  Misses 
A.  Hey  wood  and  H.  A.  Vortricde.'  The  object  of  that  study  was 
to  make  a  laboratory  test  of  the  observation,  oot  uncommon  in 
everyday  life,  that  odors  possess  a  remarkable  power  to  re- 
vive past  experiences.  The  method  followed  was,  in  general, 
that  nscd  by  Professor  Calkins  in  her  work  on  association. 
Combined  series  of  odors  and  pictures,  and  of  odors  and  colored 
squares,  were  presented  to  the  observer,  and  the  series  of  odors 
repeated  later  in  a  difi'erent  order;  the  perceutages  of  correct 
associations  were  then  noted.  The  results  were  checked  by 
those  of  series  in  which  the  odors  were  replaced  by  nonsense 
syllables  {auditory  stimulns).  The  authors  conclude  that 
"the  odors  have  no  superiority  in  suggestive  or  associative 
power  over  the  nonsense  syllables." 

It  seemed  to  us  that  it  was  worth  while  to  repeat  these  ob- 
servations. We  hoped,  on  the  one  hand,  to  go  a  little  more 
deeply  into  the  qualitative  analysis  of  association,  and  on  the 
other  to  get  suggestions  for  an  improved  method  of  attacking 
the  problem.  Both  eCTorts  were  unsuccessful.  The  Calkins 
method  is,  without  any  doabt,  too  crude  for  analytical  work, 
and  the  change  that  we  ourselves  introduced  led  only  to  nega- 
live  resnlts. 

We  6rst  repealed  the  Vassar  experiments,  with  two  minor 
variations.  The  time  of  exposure  was  reduced  from  15105 
sec.,  on  the  ground  that  a  time  of  15  sec.  might  give  opportu- 
nity for  wandering  of  the  attention.  Secondly,  while  we  em- 
ployed the  6-term  series  with  one  observer,  we  raised  the 
number  of  terms  to  12  for  two  other  observers:  it  was  possible, 
we  thought,  that  the  odors  might  show  their  superiority  under 
the  more  complicated  conditions.  The  results  need  not  be 
given  in  detail.  They  resembled  those  obtained  in  the  Vassar 
laboratory,  except  that  the  odurs  showed  at  a  still  greater  disad- 
vantage.    It  was  clear  that,  tioder  the  conditions  of  these  ex- 


'  Minor  Studies  Itom  the  Psychological  Lnborfttory  of  Vaswir  Col- 
lege, coinmunicatetl  by  M.  P.  Waibburn,  i.  Thn  loumal,  XVI,  1905, 
$37.  XVU.  1906.  148. 
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periments,  aa  exposure  time  of  5  sec.  does  aot  allow  an  odor 
to  impress  itself  upon  the  attention. 

We  then  had  recourse  to  a  change  of  method.  The  odors 
that  in  everyday  life  prove  effective  for  recall  ate  diffused  odors; 
the  "smell  of  box"  that  "recalls  a  garden  frequented  in  child- 
hood" was  probably  dominant  over  a  wide  area  of  the  garden, 
and  WHS  thus  associated  to  a  varied  and  complex  visual  situa- 
tion. We  tried  to  reproduce  this  condition  by  suffusiuf;  our 
pictures  with  odors,  instead  of  presenting  the  odors  separately 
in  phiats.  A  carefnl  selection  was  made  of  50  picture  post- 
cards. Envelopes,  filled  with  cotton  wool,  were  pasted  to  the 
backs  of  the  cards;  and  the  wool  was  saturated  with  the  odorous 
stimulus  before  the  experimental  series  began.  The  odors 
were  disiribuied.  as  evenly  as  possible,  over  Zwaardcmakcr's 
nine  classes.  Bvery  care  was  taken  to  keep  the  stimuli  from 
mixing  or  becoming  contaminated  during  the  course  of  the 
tests.  The  cards  were  arranged  in  5  scries  of  10  members,  and 
the  experiments  were  made  with  two  observers,  both  of  whom 
had  taken  part  in  the  previous  work.  The  time  of  exposure 
was  10  sec.  for  the  one  and  15  sec.  for  the  other  observer. 

The  stimulus  in  the  combined  series  was  now  a  scented  pic- 
ture; in  the  test  series,  the  scent  alone.  Nevertheless,  although 
the  condition.«i  were  by  so  much  nearer  the  conditions  of  every- 
day life,  the  outcome  was  still  negative.  The  odors  were  no 
more  eSective  than  nonsense  syllables  (auditory  stimulus),  and 
were  distiuctly  less  efifective  than  simple  geometrical  figures 
drawn  with  ink  in  a  comer  of  the  pictures,  The  result  was 
the  same  for  both  observers,  and  therefore  for  both  exposure 
times. 

The  next  step  in  method  would  be,  perhaps,  to  make  up 
combined  series  of  a  mixed  sort, — one  or  two  of  the  pictures 
being  scented,  and  the  rest  paired  with  nonsense  syllables  or 
colors  or  geometrical  forms.  We  were,  however,  compelled  to 
break  off  the  investigation  at  this  point. 


GENERAL  PRACTICE  EFFECT  OF  SPECIAI, 
EXERCISE. 


Br  J-  B.  CoovBR  knd  Prank  AifCBLb. 

Somewhere  in  the  course  of  a  lecture  on  the  Relation  of  Nat- 
ural Science  to  General  Science,  Helmholtz  speaks  of  the  ad- 
vantages possessed  by  certain  studies  as  "means  for  training 
the  intellect,  inasmuch  as  they  tax  equally  all  the  intellectnal 
powers,"  and  Ihis  belief  in  the  general  disciplinary  value  of 
certain  studies, — the  greater  or  less  efficacy  of  certain  kinds  of 
intellectual  work  as  mental  gymnastic — probably  forms  the 
raison  cfilre  for  education  in  the  minds,  not  only  of  most  lay- 
men, but  perhaps  of  most  teachers  of  the  present  time,  though 
what  may  Ik  the  factors  entering  into  this  disciplinary  pro- 
cess is  a  question  which  usually  receives  a  broad  or  vague 
answer.  But  of  late  years,  under  the  title  of  formal  discipline, 
the  tenet  has  lost  considerably  in  dogmatism  and  gained  some- 
what in  definition,  so  that  it  has  become  a  subject  for  experi- 
mental investigation.  The  present  article  is  a  contribution  to 
this  a.spectuf  the  subject,  t.  e.,  whether  it  can  be  shown  by  direct 
experiment  that  the  improvement  acquired  by  practice  in  one 
kind  of  mental  activity  is  induced  in  some  other  kind,  more  or 
less  remote. 

The  greater  part  of  the  literature  of  the  subject  has  been  too 
frequently  thrashed  out  to  need  further  mention  here.  Of  the 
less  commonly  quoted,  articles  which  hear  directly  on  the  ques- 
tion may  be  cited,  ist,  Urbantschisch's  investigation  in  /yiu. 
Arch.  Bd.  43,  in  which  he  showed  that  the  infiuence  of  a 
sound  stimulus  is  to  lower  the  limens  for  light,  .smell,  taste 
and  derma]  sensations;  snd.  Epstein's  work,  published  in  Zn'i. 
/.  Biol.  Bd.  33,  indicating  that  a  sound  stimulus  heightens 
visual  acntencss  and  sen.<iitivcness  to  color,  and  3rd,  Vogt's 
research  on  Distractibility  and  Habituation  in  Kracpelin's  P$y. 
Arb.  Bd.  3,  demonstrating  that  habituation  to  a  distraction 
acquired  in  one  exercise  may  be  carried  over  to  other  exerdset. 
There  remain,  however,  two  investigations,  which,  being  of 
more  recent  date,  have  passed  less  frequently  through  the  criti- 
cal mill  and  therefore  call  for  more  detailed  examination;  Ebert 
and  Meumann's  extended  research  on  certain  fundamental 
questions  connected  with  memory  jiracticc  in  Arrh.  f.  d.  ges. 
Psv..  Bd.  4,  and  Thoiudike  and  Woodworth's  work  oa  the 
"Influence  of  Improvement  in  One  Mental  Function  upon  the 
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Efficiency  of  other  Functions."  in  Vol.  8  of  the  Piy.  Revitw^ 
The  treatise  of  Eben  and  Meumann  is  an  investigation  of  the 
induced  effects  of  one  kind  of  memory  training  on  other  kinds 
of  memory  carried  out  according  to  the  "test"  method.  More 
especially,  "across  section"  of  memory  was  taken,  determining 
the  efBciency  of  the  several  memories  for  meaningless  syUsbIe&, 
letters  and  nnm1>ers,  onc-syllabled  substantives,  foreign  words 
(Italian),  stanzas  of  poetry,  visual  signs,  and  prose.  The  re- 
agents were  then  trained  on  meaningless  syllables,  when  another 
"cross  secttun"  of  memory  was  taken,  to  test  both  irumediAte 
and  permanent  retention.  The  tests  indicated  that  the  special 
training  bad  increased  the  efficiency  of  all  the  several  kinds  of 
memory  and  that  for  the  kinds  of  memory  most  closely  allied 
to  the  test  processes,  the  increase  in  efficiency  was  greatest. 
Thus,  the  authors  state  that  the  training  increased  the  efficiency 
of  niemorj-  for  retaining  philosophic  prose  70%,  and  thememory 
for  visual  signs — a  process  certainly  very  unlike  the  training 
process  with  meaningless  syllables — showed  an  increase  in  effi- 
ciency of  over  55%,  {Arch.  /.  d,  gts.  Psy..  4:  182).  In  fact 
the  increase  in  memorizing  ability  for  all  kinds  of  memories 
was  so  great  that  the  reagents  came  to  designate  the  training 
process  as  "memory  cure."  It  is  to  be  regretted  that  the 
anihurs  did  not  carry  on  a  "control"  e.xperimeut  along  nith 
their  tests  to  ascertain  the  training  effect  of  the  tests  themselves 
and  to  throw  additional  light  on  the  changes  taking  place  in 
the  training  intervals,  Ne\'enheless,  the  investigation  indicates 
pretty  clearly  that  the  training  of  a  special  memory  increases 
the  power  of  memory  iu  general.  The  answer  to  the  question 
how  the  learning  of  meaningless  syllables  increases  the  emciency 
of  all  other  kinds  of  memory  is  answered  by  the  authors  with 
an  explanation  involving  a  sympathetic  practice  effect  of  allied 
memory  functionsthrougha  hypothetical  psychophysical  action, 
But  as  G.  £.  Miiller  has  pointed  out  in  his  review  of  the  work 
{Zeii.  /.  Psy..  39:  113),  the  known  causes  of  impro^tment.  re- 
garded by  the  authors  as  merely  auxiliary,  snch  as  increase  of 
power  of  concentrating  attention,  increase  in  effort  to  perfect  a 
memory,  decrease  in  feelings  of  discomfort  and  tediousness, 
improvement  of  technique  of  learning — all  of  these  should  be 
logically  regarded  as  "cause"  rather  than  a  mysterioosly  hypo* 
thetical  psychological  action. 

The  investigation  of  Thorndike  and  Woodworth  was  also 
carried  out  according  to  the  test  method.  Its  object  being  to 
ascertain  the  result  of  training  with  weights,  areas,  and  lengths 
on  the  ability  to  estimate  other  weights,  areas  and  lengths  re- 
spectively, ibat  diffi^rcd  from  the  training  series  either  in  sin* 
or  shape  or  both.  In  addition  they  tested  the  effect  of  training, 
in  the  marking  out  of  certain  letters  or  misspelled  words  on  a 
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printed  page.  One  misses,  however,  those  qualities  which 
make  Ebm  and  Meumann's  investigation  of  first  rate 
importance,  particularly  the  careful  elaboration  of  the  plan  of 
work,  the  actual  working  out  of  the  method  iu  the  form  of  de> 
tailed  introspections,  and  the  searchiag  and  thorough  analysis 
of  results.  The  general  conclusions  from  these  experiments 
are  given  in  Thomdike's  "Educational  Psychology,"  p.  91, 
and  are  to  the  effect  that  "the  improvement  in  any  single  men- 
tal function  need  not  improve  the  ability  in  functions  commonly 
called  by  the  same  name,"  and  turther  that  "the  practice  effect 
seems  to  make  it  likely  that  spread  of  practice  occurs  only 
where  identical  elements  are  concerned."  It  dfjes  not  appear 
that  the  conclusions  of  the  authors  of  the  article  are  wholly 
borne  out  by  the  figures,  the  test  on  estimating  the  size  of  sur- 
faces, e.  g. .  showing  greater  improvement  for  figures  which  were 
unlike  the  training  series  in  size  and  shape  than  for  those 
nearest  in  either  size  or  shape.  The  writers  state  that  their 
experiments  were  rough  and  designed  to  show  merely  general 
tendencies,  hut  it  is  not  clear  that  the  figures  show  anything 
beyond  great  individual  differences.  Had  the  figures  shown  a 
loss  of  efficiency  in  executing  the  tests,  the  question  of  trans- 
ference of  function  would  have  still  been  open.  Rough  experi* 
meats  unncconipanied  with  introspection  and  so  not  susceptible 
of  careful  analysis  are  of  very  little  value  in  work  of  this  kind. 
The  marking  out  of  words  is  a  complicated  dt-scriminalive  re- 
action, which  is  not  only  performed  in  ver>*  different  ways 
by  different  reagents,  but  in  different  ways  by  the  same 
reagent  in  one  sitting.  How  different  these  ways  may  be  will 
be  shown  later  in  an  analytical  paper  by  Mr.  G.  Snow-Gibbs 
on  "Tests  in  Applied  Psychologj'."  On  the  other  hand  intro- 
spective data  gathered  by  one  of  the  present  writers  in  repeat- 
ing these  experiments  (J.  B.  C.)  seem  to  indicate  clearly  that 
the  improvement  in  after  tests  in  marking  out  letters  is  nut  due 
to  the  functioning  of  "identical  motor  elements,"  viz.,  eye 
movements  for  example,  but  to  a  reduction  of  the  recognition 
of  a  word  as  containing  certain  letters  to  its  essential  process. 
The  process  had  been  relieved  of  the  unnecessary  and  retarding 
accompaniments  (kinsesthetic  and  acoustic  imagery)  noted  in 
the  first  tests  and  in  the  early  stages  of  training.  In  other 
words  the  improvement  was  due  to  the  general  function  known 
as  habitaation. 

At  any  rate  it  seemed  advisable  to  attack  the  problem  in 
such  a  way  that  the  factor  of  identical  motor  elements  could 
play  no  important  part,  so  that  if  improvement  in  efficiency  was 
shown  in  the  test,  it  could  only  Ije  attributed  to  some  such 
general  factor  as  habituation.  Accordingly  tests  were  made  on 
sensible  discrimination  in  different  modalities  of  sense  and  on 
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discriniinative  reaction  nith  choice  id  which  the  reacttOD 
tnolioDs  common  to  the  test  and  training  series  were  a  negligible 
quantity.  In  addition,  control  experiments  were  carried  along 
to  indicate  the  effects  of  test  series  without  the  training. 

I.    Test  in  Light  Discrimination  with  Tkaini.ng  in 

Sound. 

Four  reagents  were  trained  in  discrimination  of  intensities  of 
sound  for  17  days  during  au  inter\'al  of  57  days.  Each  reagent 
made  40  judgments  iu  each  day's  training. 

Before  and  after  training  the  reagents  were  tested  iu  the  dis- 
crimination of  shades  of  gray,  each  test  consisting  of  three 
series,  each  contaioiug  35  judgments,  delivered  on  3  separate 
days. 

In  the  training  on  sound  the  stimuli  were  given  with  a 
souud  pendulum.  The  method  was  that  of  constant  difii:rence, 
procedure  being  without  knowledge.  There  were  about  10 
values  for  D  in  each  series.  The  judgments  were  made  in  four 
categories,  viz.,  louder,  softer,  like,  and  doubtful.  Iu  one  pair 
of  series  each  day.  iutiospeclious  were  noted  down  by  the  rea- 
gent after  each  judgment ;  iu  the  remainder  the  noting  of  intro- 
spections was  reserved  until  after  each  series  was  finished. 

Discriminative  ability  at  the  beginning  and  end  of  the  train- 
ing was  calculated  in  per  cents  of  Right  cases  in  the  first  tea 
judgments  and  the  last  ten  judgments  made  upon  six  each  of 
the  values  of  D.  that  is.  upon  most  of  the  judgments  of  the 
first  aud  last  two  days.  No  judgments  were  included  where 
D=o,  and  "like"  judgmenL't  for  other  values  of  D  were  re- 
garded as  undecided.' 

The  tests  on  brightness  were  made  with  a  Marbe  color  mixer 
so  mounted  as  to  run  noiselessly.  The  experiments  took  place 
in  a  dark  room  with  the  light  coming  from  behind  the  reagents. 
All  the  apparatus,  including  the  disk  when  not  exposed,  was 
draped  in  black.  Norm  and  variable  were  exposed  for  two 
seconds  with  an  interval  of  four  seconds.  The  attention  signal 
came  two  seconds  before  the  exposure  of  the  norm.  The 
method  was  also  that  of  constant  differences,  without  knowl- 
edge and  the  judgments  were  given  in  the  categories  of 
"lighter,"  "darker."  "like,"  and  "undecided."  Introspec- 
tions were  noted  by  reagents  after  each  series  of  seven  judg- 
ments. The  order  of  variables  in  the  test  before  training  was 
repeated  in  the  after- training  test,  but  in  both  cases  was  be- 
lieved by  the  reagents  to  be  determined  by  chance.  In  order 
to  estimate  the  possible  practice  effects  of  the  preliminary  test 

'  P.  Angell:  DUcriisination  of  Shades  of  Gray,  etc.  PkU.  Stud.. 
XIX,  S.  ao. 
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and  the  inten-al  between  that  and  the  afler-test,  a  control  ex- 
periment was  carried  along.  In  this  three  reagents  were  given 
tests  in  brightness  discrimination  under  conditions  identical 
with  those  obtaining  with  the  regular  reagents,  except  that  2 
instead  of  3  day&  were  taken  as  a  basis  of  comparison.  At  the 
end  of  the  interval  used  by  the  test  reagenLs  for  training,  *.  ^., 
46  days,  the  control  regents  look  (he  !iecond  test. 

Table  I  gives  a  summary  of  the  numerical  results  for  both 
test  and  control  reagents.  From  this  it  will  be  seen  that  all 
the  lest  reagents  with  one  exception  show  a  gain  in  Right  and 
loss  in  Undecided  judgments  alter  training,  and  tbnt  all  the 
control  reagents  show  a  loss  in  discriminative  ability  after  the 
inieri-al  of  rest  which  was  occupied  by  the  test  reagents  in 
training.  The  per  cent,  of  gain  for  the  4  test  reagents  was  4. 
4.  6,  6,  o,  o,  and  37,  5.  making  an  average  of  9,  t.  The  case 
of  the  one  test  reagent  who  showed  no  improvcmeut  in  the 
after  test  would  seem,  to  be  a  fair  example  of  the  exception 
which  proves  the  rule,  for  while  the  other  reagents  in  the  train- 
ing on  sound  all  showed  improvement  which  amnnntcd  to  7,  5, 
and  15  per  cent,  respectiveiy,  this  particular  reagent  showed 
no  improvement  in  the  judgments  of  the  last  two  days  as 
compared  with  the  Brst  two,  and  in  fact  bad  fallen  oS  to  the 
extent  of  three  per  cent. 

The  introspections  indicate  that  the  discrimination  processes 
were  accompanied  by  much  imagery  irom  other  domains  of 
sense  which  in  some  cases  determined  the  judgment.  This 
imagery  nas  in  great  part  kinesthetic  and  visual.  lu  addition 
Che  sounds  seemed  to  have  certain  spatial  or  temporal  attri- 
bntes  which  at  times  influenced  the  judgments.  "Variable  had 
a  long  drawn  out  sonnd;"  "Variable  is  a  broader  sonud,  thai 
is  lo  .say,  widely  spread;"  "Variable  comes  from  a  farther 
place;"  "Variable  is  a  small  sound."  Again  bodily  impres- 
sions may  have  entered  into  the  act  of  comparison  such  as 
"resonance"  or  "ringing"  in  the  ears  or  seemingly  deeper 
seated  .sensation  iu  the  head.  "Discriminate  eficcis  in  the  head 
rather  than  external  sounds."  One  reagent  seemed  to  com- 
pare the  intensities  of  bodily  reactious  to  the  sound  stimuli 
themselves  or  to  imagery  called  up  by  the  stimuli,  e.j^.,  the 
"Dash  of  a  bicycle  lamp." 

Besides  these  various  reproductive  factors  which  accompany 
the  es.sential  sonu  d-d  iscri  mi  nation  process,  there  are  disturbing 
ftctors  nf  a  general  nature,  such  as  strong  expectation  for  a 
loud  or  weak  sound,  and  the  varying  intensity  uf  the  stale  of 
attention.  If  a  loud  sound  is  strongly  expected,  a  weak  one 
may  seem  weaker  ;  if  a  weak  one  is  expected  a  loud  one  may 
seem  louder.  If  the  intensity  of  the  state  of  attention  is 
sought  to  be  kept  at  a  maximum,  it  will  vary  greatly,  a  result 
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Table  I. 

Comparison  0/  TeU  and  Training  JudgtHfnis /or  Test  /ieagenis  and  of 
Test  Judgments  for  Control  Keagents. 


Test  Reagents. 


A. 

Right  JudKuienU. 

Aw 

Ma 

Va 

Cr 

ToUl. 

Tmu. 

No.  R.  Before  trsiiiiug. 
•     "    After 

60 
64 

46 
52 

47 
47 

46 
68 

119 

23» 

Diir. 

+4 

+6 

0 

+  23 

+  3* 

TralnfoK  io 

No.  R.  lit  3  ciafs. 
"     "    taut  3  days. 

33 
3' 

23 
»5 

36 

34 

27 
34 

97 
114 

Diftereucc. 

+  9 

+3 

— a 

+  7 

+  17 

B. 

llndecided  Judgments. 

Tests. 

Mo.  U.  Before  traioiBg. 
'■     *•    After          •' 

16 
»3 

38 
>9 

33 
38 

a? 
6 

103 
66 

Difleieucv. 

—3 

-19 

+6 

—21 

—37 

Train  log  tn 
sounil- 

No.  U.  i«  3  days. 
■'    "    last  zdsyff. 

18 
9 

13 
16 

t6 

30 

16 
S 

73 
53 

Dt  Science. 

—9 

—7 

+4 

—8 

—30 

Control  Jieagents. 


C.                R.  and  V.  Judgments. 

RI 

Ao 

Wr 

TotAl. 

Tests  Ijefore 
and  aftcz 
interval 
without 
Iraining. 

No.  R.  Before  iutena). 
•■     "    After          " 

41 
3ft 

31 

30 

46 
43 

1 18 
III 

Difiercnce. 

—3 

— 1 

—3 

-7 

No,  U.  Before  intervul. 
"     "    After 

10 
13 

16 

IS 

3 

7 

38 

35 

Difierence. 

+3 

— I 

+5 

1     +» 

du<^  both  to  its  own  rhythm  and  to  the  rarylng  subjective  cod- 
diUoiis  upon  which  it  depends. 

ImPrwcmcnt  seems  to  consist  o/ divesting  Ike  essential  proceis 
0/ the  unestential  factors,  freeing  judgments  from  illusions,  to 
which  the  unnecessary  and  often  fantastic  imagery  gives  rise, 
and  of  obtaining  a  uniform  state  of  attention  which  is  less  than 
a  maximum:  "Judgment  does  not  require  strained  attention. 
All  are  quite  certain  or  satisfactory.  Don't  see  what  the  pro- 
cess is  now — seems  automatic"  (Cr.  May  12,  IV).     And  uni- 
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fonnity  of  dtrectkn  of  attention  may  also  nsolt:  "Am  able 
to  abstract  from  vimal  image  of  the  apparatos  entirely,  and 
yet  refer  the  sonods  to  exteroal  stimuli.  This  seems  to  take 
tbe  least  cfiort  and  is  more  aaitsfiKtory"  (Cr.  May  17,  r\'). 
liany  o(  tbe  intro^xctioiis  of  tbe  varions  reagents,  near  the 
end  of  training,  were  "No  imagery." 

Oar  coodiuriim  from  tbe  experiment,  therefore,  is  that  effi- 
ciency of  aenable  diacrimination  acqtiireH  by  training  with 
soutxl  stimuli  has  been  trans&Tred  to  tbe  efEdeccy  of  discrimi- 
nating brigbtoess  stimoli,  and  that  tbe  factors  in  this  transHer 
are  due  in  great  part  to  batntuation  and  to  a  more  economic 
adaptation  of  attention,  1.  e.,  are  general  rather  than  ^lecial 
in  character. 

XI.    Rjucnos  WITH  DisckiMiXATioK  A2n>  Choice. 

In  the  experitaents  witb  discrimioation  and  choice  identical 
motor  etemeois  were  eliminated  by  employing  diffierent  kinds 
of  fttimnli  and  different  forms  of  reaction,  althongb  in  both 
cases  tbe  sense  of  sight  received  the  stimuli,  and  reactions  were 
made  by  movements  of  the  bauds. 

Tbe  object  of  the  experimeot  was  to  determine  tbe  cSecU  of 
practice  in  tme  form  of  activity  upon  ef&dcDcy  io  another. 
This  inBnence  conld  show  Jtst'lf  either  in  lowering  reaction 
time  io  the  latter,  or  making  it  more  regular,  or  both, — which 
would  be  apparent  in  a  practice  curve  of  the  tested  ability. 

Tbe  training  was  accoiupli»hed  by  about  15  exercises  in 
sorting  cards.  Four  reagents  took  the  training  which  was 
scattered  through  a  space  of  about  40  days.  In  this  time 
about  4,000  cards  were  distributed  by  ea^  reagent  (CI  4,200, 
Al  3,Soo,  Cr  5,ioo,  Bs  4,000). 

Before  the  training  in  card-sorting  the  reagents  were  tested 
for  five  diiysun  "typewriter  reactions,"  aggregating  about  3,000 
reactions  ia  each  ca^e  (CI  2,900,  Al  2,900,  Cr  2,700.  Bs  3,100), 
and  after  training  in  card-sorting  there  came  the  after  test  for 
three  days,  giving  abont  1,800  reactions  (CI.  Al.Cr,  i.ftoo,  Bs 

1.700) 
For  the  training  a  Jastrow  card-sorting  cabinet  was  tised 

with  6  compartments ;  the  cards  were  made  of  smooth,  buff- 
colored  Bristol-board  (77x53  millimeters}.  In  tbe  centre  of 
each  card  a  colored  rectangle  was  painted  in  water  color  (isx 
52  ram.),  six  colors  being  used — red.  bine,  black,  and  brown 
in  a  rather  deep  shade,  and  yellow  and  green  in  tints.  The 
cabinet  stood  at  a  convenient  height,  and  was  entirely  covered 
wvth  black  cloth. 

lu  card-sorting  the  reagent  stood  at  the  cabinet  and  held  in 
bis  left  hand  a  pack  of  50  cards,  from  the  top  of  which  he 
would  grasp  a  card,  turn  it  up  sufficiently  to  see  its  color  on 
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the  uuder  surface  and  drop  it  into  its  appropriate  compart- 
ment. In  atwnt  the  midille  of  the  training  the  color  labels 
were  removed  from  the  compartments. 

The  cards  were  arranged  in  packs  of  50,  according  to  12 
different  orders  iu  which  each  color  appeared  about  as  often  as 
every  other,  each  preceding  and  succeeding  the  other  about 
equally  often  ;  no  color  recurred  with  less  than  two  intervening 
colore. 

The  assignment  of  colors  to  the  compartments  was  so  made 
that  the  spatial  relations  of  the  latter  would  not  correspond 
with  the  complementary  or  spectral  relations  of  the  former. 

For  the  "typewriter-reaction"  a  Blickensderfer  typewriter 
was  used,  fitted  up  with  a  screen  through  which  but  one  letter 
could  appear  al  a  time.  Series  of  letters  were  printed  with  the 
typewriter  and  cut  into  strips  which  could  be  clipped  to  the 
**scale-bar"  and  moved  behind  the  screen  by  the  "carriage." 
The  spacing  of  the  letters  in  the  series  and  of  the  typewriter 
"actiou"  being  the  same,  the  strip  could  be  so  adjusted  that 
every  time  a  key  was  struck,  a  new  letter  appeared  through 
the  screen. 

The  various  series  were  made  up  of  four  letters  in  soch  a 
way  that  all  the  letters  appeared  about  the  same  number  of 
times,  and  each  letter  preceded  and  succeeded  every  other 
letter  and  itself  about  equally  often. 

In  the  "typenTiter-reaction"  the  reagent  sat  with  his  hands 
in  position  over  the  lower  bank  of  keys  on  either  side  of  the 
middle,  and  reacted  to  the  letters  as  they  appeared  through  the 
»creeo — a  and  /on  the  left  and  ^rand  «  on  ihe  right. 

The  time  of  reaction  to  each  letter  was  recorded  iu  another 
room  upon  a  kymograph.  The  typewriter  itself,  of  course, 
making  records  of  the  reactions,  which  could  be  inspected  for 
accuracy - 

Control  Experiment.  In  order  to  determine  more  definitely 
the  possible  effects  of  the  training  in  card  sorting  in  the  "type- 
writer-reactions," three  reagents  were  trained  iu  the  "typewriter 
reaction"  three  days  before  and  two  days  after  an  interval  of 
45  days  during  which  no  training  was  taken.  In  both  ihe  test 
and  control  experiment,  efficiency  was  estimated  by  the  time 
involved  and  in  number  of  errors  in  each  100  reactions. 

Table  XI  gives  the  daily  average  time  and  error  for  100  re- 
actions on  the  typewriter  for  the  test  reagents,  both  before 

(A)  and  af\er  (B)  training  in  card-sorting,  and  Table  III  gives 
like  data  for  the  control  reagents,  both  before  (A)  and  after 

(B)  an  interval  without  practice. 

The  quantitative  results  as  laid  down  in  those  two  summaries 
seem  to  be  ambiguous:  the  reageuts  trained  on  thecard-sorliug 
show  iudec-d  an  increase  iu  eScicncy  in  the  aflcrtcst  on  the 
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Tabub  II. 
Tai  Xemgenii.    Daily  average  a/  time  i  i«  age.  >  amd  ewrvn  f»r  toe 


A.     Before 

Traioitig. 

a 

Al 

Or 

B« 

•ee.      errors. 

76          0.9 

73-5          «-i 
67.4         I 
«9              1 
6)  .4         0^ 

sec.      errors. 

94            0 
93             4 
to            J 

73-1          63 
7' -a          4-5 
7»-7         7 

sec.      errors. 

^       \ 

71 -»          3-5 

69  »          3 
69-1          5 
*7             4 

*ec.      errors. 

99  5          5 

87  3          3 
84              4-5 
Bo.i          53 
77-9          4-3 

B.    After  Training. 


63 « 

t 

1     65-3 

8 

66.4 

45 

S-' 

S 

61  3 

1 

6s -9 

It 

63.1 

4-5 

\' 

60.4 

1 

61 

n 

61.7 

S-4 

66.3 

Control  Reagents. 


Tabls  nt. 

Daily  average  of  time  (in  uc.)  end  errors  for  too 
r^£iiotu  on  Typewriter. 


A.    Before  latcrvsJ 

• 

MC. 

90.7 
74-1 
74 

errors. 

5 

7-5 
6.3 

sec.      errors. 

t4l  8          4 
116. 5          1-3 
96.1           1.5 

sec. 

87 

errors. 
I 

B.    After  loiervftl. 


70.7 
66.3 


to.S 


typewriter,  but  most  of  them  show  an  increase  in  errors.  More- 
over the  control  rea^uts  also  show  an  increase  in  efficiency 
after  their  incubation  period.  In  both  cases,  howeirer,  an  in* 
crease  in  speed  was  to  be  expecled.  for  the  common  belief  in 
beneficial  effects  of  iticubatioo  periods  on  bodily  activity  has 
been  amply  confirmcil  by  numerous  investigations  on  practice 
and  fatigue.  The  question  of  the  cfiects  of  the  training  in 
card-sorting  must,  therefore,  find  its  answer  In  an  examination 
of  the  errors  and  of  the  introspective  evidence.  The  obvious 
explanation  of  the  increase  in  speed  accompanying  the  decrease 
In  accuracy  is  that  as  Uie  reagents  increased  in  manual  dexter* 
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ity  they  became  more  careless  in  co-ordinating  the  visual  im- 
pressions with  the  reactions;  in  short,  that  accuracywas  sacri- 
ficed to  speed.  But  a  study  of  ihe  errors  shows  that  the 
obvious  explanation  Is  not  correct,  for  taking  from  each  of  the 
eight  test  days  the  series  of  reactions  showing  the  maximum 
and  minimum  number  of  reactions  resj^eciively,  we  get 

Table  IV, 

Table  0/  Relation  of  ReaiUon   Times  to  Max.  and  Mtn, 
Number  of  Errors. 

CI  with  0,06  errors  averages  66,4  sec.   for  looreaclious 


3.3 

Al 

"     4.7 

'*    9.9 

Cr 

"     1.4 

"    5.9 

Bs 

••     2.3 

"     7.9 

67.9 
73.0 

11 
1 1 

73.0 
65.6 

68,4 

11 
It 

77.8 
81,6 

It 

The  figures  from  which  these  averages  are  taken  t>ccur  ir- 
regularly throughout  the  several  series  of  the  eight  days,  so 
that  it  caiinut  be  urged  that  the  correlation  of  a  smallernumber 
of  errors  with  greater  speed  u?  due  to  each  day*s  practice  effects. 
As  a  matter  of  fact  in  the  majority  of  the  eight  cases,  the  maxi- 
mum number  of  errors  occurred  in  the  later  series  of  the  day. 
The  introspections  show  the  reasons  for  this  inverse  relatioo 
existing  between  speed  aud  error  tendencies.  Cr  notes  "Made 
mistake  and  was  bothered  thereby:"  "Errors  result  in  cou- 
ftisiott  and  pauses."  A!  remarks,  "The  large  number  of  mis- 
takes impedes  the  rapidity  a.^  one  is  troubled  by  them;"  Bs 
says  "Mistakes  were  noticed  and  caused  confusion  at  the  time." 
CI  says  "The  time  I  spent  in  thinking  of  a  mistake  caused  a 
delay."  From  both  tables  and  iutrospectious  we  see  that  the 
increase  of  errors  in  the  after  test  can  be  due  only  in  a  small 
parttocarelessness  accompanying  greater  skill  in  manipulation, 
and  the  question  then  arises,  to  what  is  it  due? 

There  were  probably  at  least  five  special  causes  for  the  errors: 
( [ )  Lack  of  coordination  between  the  letter  and  its  proper 
reaction,  {»)  Anticipation  of  a  letter,  in  which  case  the  reac- 
tion took  place  before  the  letter  was  cognized,  (3)  False  recog- 
nition of  the  letter,  (4)  Reaction  incited  by  rhythm  withoat 
cognition  of  letter,  aDd(5)  Misplacement  of  the  fingers  on  the 
keys.  The  fourth  cause  is  probably  the  chief  factor  in  the 
increase  of  errors  in  the  second  training. 

As  the  reagents  acquired  more  and  more  skill  on  the  type- 
writer, a  strong  tendency  developed  toward.s  rhythmic  series 
reactions  which  resulted  not  in  false  or  mistaken  reactions,  but 
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in  mechanical  reactions;  that  is,  the  rhythmic  tendency  was 
strong  enough  to  overcome  the  voluntary  eflfort  towards  a  dis- 
criminative reaction.  The  effect  of  this  power  was  to  produce 
the  confusion  referred  to  above  and  in  general  to  lengthen  the 
total  time  for  the  series.  A  general  source  of  error  for  the 
after-tests  was  the  fact  that  they  came  in  the  closing  days  of 
the  semester  when  the  burden  of  the  examination  period  fell 
heavily  on  instructors  and  students  alike.  The  introspections 
give  altogether  too  full  evidence  of  the  condition  of  general 
fotigue  with  which  the  reagents  entered  on  the  tests  after 
training. 

There  remains  to  be  discussed  one  effect  of  the  training  which 
c&nnot  be  showu  by  tables,  and  that  is  the  cifect  of  training  on 
ease  of  accomplishment.  The  figures  for  the  after-test  on  the 
typewriter  show  that  the  test  reagents  made  very  little  gain  in 
speed  for  the  three  days  of  the  test  itself.  Indeed  the  skilled 
reagents  CI  and  Cr  had  arrived  at  their  maximum  efficiency  one 
or  two  practice  days  before  the  training  period,  and  if  the  card- 
sorting  had  favorably  affected  the  speed  of  the  typewriting  it 
fX)nld  not  be  shown  by  uumerical  results.  But  the  introspec- 
tions show  a  very  unexpected  increase  in  the  ease  of  accom- 
plishment followiug  on  the  card-sorting. 

On  the  first  day  of  the  second  test  CI  remarks,  "Sight  of 
letter  produced  the  reaction  mo\'ement  without  my  thiuking 
of  my  fingers  or  of  the  sight  of  the  keys."  Al  remarked, 
"No  headache,  no  nausea  as  before  card-sorting."  "Much 
easier  than  at  first;"  "General  background  of  feeling  is  prob- 
ably not  unlike  that  of  the  card-sorting  test,  but  I  did  not 
think  of  the  card-sorting  test  during  the  trial."  Cr  said: 
"Process  was  surprisingly  automatic  and  was  accompanied 
with  ease."  "Seems  more  automatic  than  ever  before,  and  even 
more  so  than  the  card-sorting.  I  do  not  pay  the  slightest  at- 
tention to  the  fingers  on  the  keyboard  when  the  process  is 
going  best.  ...  It  appears  that  the  old  associations  have 
not  only  not  been  interfered  with  by  forming  new  ones  in  card- 
sorting,  but  that  they  have  become  firmer  and  action  upon 
them  more  ready  and  automatic  than  it  was  before  or  than  it 
was  in  card-sorting"  (April  27).  On  the  last  day  of  the 
typewriter  training  before  card-sorting  hegan,  Bs  remarked, 
"Pauses  between  letters  caused  by  having  to  think  which  fin- 
ger I  should  put  down,"  and  on  the  first  day  of  training  after 
card-sortiug,  "Seemed  more  natural  than  I  thought  it  would," 
and  the  next  day.  "Seemed  more  natural  to  react  to-day,  de- 
mands less  attention,  tendency  to  become  automatic." 

The  introspections  of  the  Coutrol  reagents,  00  the  other 
hand,  oone  of  whom  was  familiar  with  typewriting,  show  that 
while  some  ease  and  facility  were  experienced  in  the  period  be- 
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fore  training,  the  after-test  seemed  unexpectedly  "difficult" 
and  "unhandy;"  Mn  stated  in  the  after-test  that  "Reacting 
seemed  dtffictilt,"  "Seemed  to  have  to  stop  to  think  which 
finger  was  to  react  to  the  different  letters."  Ge  in  the  period 
before  training  said,  "The  reactions  are  becoming  more  an to- 
matic;"  and  in  the  after- test  that  he  "looked  at  a  tetter  not 
knowing  what  to  do,"  and  that  "combinations  of  letters  here 
were  particularly  unhandy."  Feelings  of  discomfort  and  diffi- 
culty following  on  the  interval  without  practice  of  any  kind 
emphasize  the  conclusions  of  the  preceding  paragraph,  viz.: 
That  the  training  in  card-sorting  is  the  canse  of  the  increased 
ease  and  facility  experienced  by  the  regular  reagents  in  the 
second  trial  in  typewriter-reaction. 

Conclusion.  We  may  conclude,  therefore,  from  the  results 
of  this  experiment,  that  tiaiuing  the  activity  of  Reaction  with 
Disciiminatioa  and  Choice  by  sorting  cards  into  compartments 
has  increased  the  facility  of  a  like  activity  in  both  speed  and 
regularityin  "typewriter- react  ion"  (a)  noticeably,  in  two  cases, 
after  the  latter  had  become  automatic,  and  (b)  markedly  in 
two  others,  iu  tbe  course  of  practice. 

The  cause  uf  transferrt^d  facility  could  not  have  been  idea- 
tical  motor  element-s.  In  the  '"typewriter-reaction"  the  eyes 
Tested  sharply  fixed  upon  one  spot  upon  the  screen,  while  in 
the  card-sorting  reaction  the  eyes  moved  rapidly  about  over 
the  compartments  in  the  cabinet,  merely  glancing  at  tbe  colors. 
Tbe  differences  iu  mauipulation  between  tapping  keys  with 
forefingers  aud  sorting  cards  are,  of  course,  patent.  To  what. 
then,  b  this  improvement  doe? 

According  to  the  introspections  of  the  rcgnlar  reagents  on 
their  card-sorting  training,  the  process  of  reaction  is  variable. 
At  the  beginning  of  training  they  matched  the  color  of  tbe 
cards  with  the  labels  on  the  compartments;  then  to  increase 
speed  a  system  of  mnemonics  is  emplc^ed,  designed  to  form 
associations  in  the  mind  between  a  companmeot  and  its  color; 
this  system  then  goes  through  a  process  of  mutation, — becom- 
ing abbreviated,  changed  iu  part,  supplemented,  or  is  super- 
seded by  another;  finally,  through  reiietitiun,  reactions  to 
particular  compaitmeuts  become  co-ordinated  with  tbeir  re- 
spective colors  and  arc  made  directly — free  fnim  any  "system" 
except  in  rare  cases.  Synchronously  with  the  growth  of  these 
co-ordinations  adventitious  processes,  such  as  pronouncing  the 
name  of  the  color  when  cc^nized,  movements  of  the  whole 
body  and  useless  movements  of  the  hand,  decrease  to  a  mioi- 
mum. 

As  regards  the  "typewriter-reactions,"  the  iBtrospections  of 
both  regular  and  control  reagents  show  that  the  processes  of 
reaction  go  through  like  stages,  except  that  the  mnemonic 
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Byttcms  ariae  sooner  and  change  oftener.  No  two  systems  are 
alike.  But  all  finally  gire  way  to  the  direct  reaction  which 
has  been  co-ordinated  with  its  letter.  Again,  adventitiotis 
processes,  such  as  pronouncing  letters  upon  cognizing  them. 
visoaliziug  keys,  fingers,  or  their  order,  likewise  decrease  to  a 
minimuoi. 

Different  as  the  typewriting  and  card-sorting  reactions  are  id 
details  the  course  of  experimentation  developed  a  general  con- 
dition common  to  both,  i.  e.,  the  habit  of  stripping  tht  tssfntial 
process  of  unnecessary  and  complUating  aceessories. 

Introspections  further  show  that  in  any  one  series  several 
systems  of  mnemontcs  may  be  operative ;  there  may  be  also 
some  direct  reactions  due  to  the  co-ordination  of  stimnhis  and 
reaction  ;  in  one  part  of  the  series  one  stimulus  causes  difficulty 
and  elsewhere  another  stimulus,  while  some  stimuli  seem  harder 
than  others  throughout  the  whole  lieries.  Improvement  here 
seems  to  consist  in  resolving  the  reaction  process  to  a  single 
type  (except  in  so  far  as  reactions  become  direct),  and  in  at- 
tending more  closely  to  difficult  stimuli  nntil  their  reactions 
become  as  ready  as  those  to  the  other  stimuli. 

Again,  introspections  and  records  show  that,  even  after  a 
mnemonic  system  ha.s  ticeu  successfully  applied  and  has  served 
to  bring  stimulus  and  reaction  to  a  fair  degree  of  co-ordination, 
lapses  of  attention  occur  during  which  the  'mind  is  a  blank." 
and  the  drum  records  abnormally  long  reactions.  Improve- 
ment here  consists  in  keeping  attention  upon  the  matter  in 
hand  so  constantly  that  the  irrelevant  stimuli  are  unnoticed. 

We  find,  therefore,  the  causes  of  the  transference  of  facility 
to  be:  (a)  the  formation  of  a  habit  of  reacting  directly  to  a 
stimulus  without  useless  kinesthetic,  acoustic,  and  motor  ac- 
companiments of  recognition,  which  results  in  (b)  an  equitable 
distribution  uf  attention  to  the  various  possible  reactions  so  aa 
to  be  about  equally  prepared  for  all ;  and  (c)  the  consequent 
power  of  concentrating  the  attention  throughout  the  whole 
aeries  without  distraction. 


GUSTATORY  AUDITION  ;    A  HITHERTO  UNDE- 
SCRXBED  VARIETY  OP  SYNESTHESIA. 


Bj  Abtbur  H.  Pixbce,  Smith  College. 


During  the  lifetime  of  tliis  Journal  there  have  appeared  on 
its  pages  a  goodly  number  of  cases  presenting  one  or  another 
of  the  various  forms  of  synaestbesia.  While  such  accounts  do 
not  yield  any  facts  of  profound  imi>ort  for  pisychology.  they 
do  yet  have  their  distinct  value  in  impressing  us  with  the 
myriadfold  divergencies  of  human  nature,  and  it  is  just  for 
this  purpose  of  contributing  to  the  'varieties'  of  mental  ex* 
perirncc  that  the  following  case  is  presented.  As  far  as  I  can 
ascertain,  its  peculiar  variety  is  new  iu  the  annals  of  synaes- 
thesia.  Its  singitlnrity  consists,  I  may  say  at  once,  in  the  ex- 
periencing of  gustatory  qualities  followiug  upou  the  heariug 
of  words  spoken  by  the  human  voice,  or  of  musical  and  other 
noD-vocal  sounds. 

As  it  stands,  however,  the  statement  just  made  is  by  no 
means  a  correct  description  of  the  case.  Perhaps  the  best  way 
of  putting  the  matter  would  be  to  say  that  the  word  'gusta- 
tory' must  here  be  taken  in  a  very  wide  sense  as  referring  to 
all  the  possible  experiences  that  the  sense  organs  of  the  mouth 
can  give.  To  speak  with  full  accuracy  one  must  say  that  a 
'mouth -experience'  of  one  sort  or  another  is  the  accompani- 
ment of  certain  auditory  impressions.  These  'mouth-experi- 
ences' include  the  four  tasle  qualities,  the  cutaneous  qualities 
of  pressure  and  temperature,  and  such  tactual-motor  qualities 
as  fiud  their  expression  in  designations  of  texture,  consistency, 
and  the  like.  Now  it  is  only  because  we  have  no  single  ad- 
jective by  which  we  commonly  describe  this  ^-ariety  of  possible 
mouth -experiences  that  the  word  'gustatory'  is  here  u«:d  with 
the  latitude  indicated.  Its  use  enables  us  to  avoid  an  uncouth 
terminology,  and  with  the  explanation  ^iven  no  obscurities 
are  likely  to  arise.  One  further  fact  should  be  added.  Olfac- 
tory qualities  are  entirely  absent  from  the  synu;sthesia,  and  we 
are  concerned,  therefore,  with  pure  'mouth-experiences'  with- 
out any  of  those  numerous  fuaioos  which  popularly  pass  for 
'tastes.' 

Hitherto  we  have  had  descriptions,  plentiful  enough  along 
certain  lines,  of  colored  sonnds,  odors,  tastes  and  temperatures. 
and  of  total  pain,  pressure,  and  temperature.     But  I  am  not 
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aware  that  we  possess  any  records  reconntlng  the  type  that  I 
have  just  indicated. 

T. 

The  subject  of  the  case  in  question  is  a  young  woman,  now 
about  to  graduate  froni  college,  who,  as  far  as  sUe  can  tell,  has 
always  had  these  experiences,  the  foct  that  they  were  peculiar 
to  herself  first  coming  lo  notice  about  four  years  ago.  Since 
that  time  their  number  aud  definiteness  have  somewhat  in- 
creased, owing  to  the  numerous  questions  pat  to  her  by  her 
companions  as  to  the  'taste'  of  this  or  that  name  or  word.  Bat 
though  the  experiences  have  increased  in  number,  I  am  con- 
vinced that  they  have  not  lost  their  original  naive  character, 
as  the  facts  to  be  cited  will,  I  hope,  show.  The  case  has  been 
under  my  observation  for  somewhat  over  two  years. 

Two  sense  defects  of  the  subject  should  be  noted.  First, 
there  is  a  slight  deafness,  or  slowness  of  hearing,  which 
becomes  more  pronounced  at  some  times  than  at  others. 
Secondly  the  subject  is  anosmic.  No  rigid  tests  have  ever 
been  made  lo  determine  whether  the  sense  of  smell  is  entirely 
wanting,  but  medical  examination  directed  to  the  sense  of 
hearing  revealed  a  thickened  mucous  membrane  of  diminished 
sensitiveness,  and  the  subject  herself  believes  that  her  anosmia 
is  complete.  CofTee  burning  upon  a  stove  is  not  noticed, 
though  she  may  Ijc  close  by.  Camphor  placed  in  the  nostrils 
givesontya  stioginK  sensation.  Ammonia  can  be  sniffed  with- 
out discomfort.  And,  as  with  all  anosmics,  food.s  arc  discrim- 
inated on  the  basis  of  the  pure  taste  qualities,  or  by  the 
characters  of  texture,  astringency,  and  so  on,  which  any  food- 
complex  may  possess.  These  sensory  defects  are  worth  noting 
for  their  po!*sibIe  significance  in  connection  with  the  theory  of 
this  speciiil  case  of  syn^sthti^ia. 

The  following  list  of  the  'gustatory'  equivalents  of  spoTien 
words  was  in  part  compiled  st  my  request  and  in  part  written 
down  by  myself  in  the  course  of  various  interviews  with  the 
subject.  In  the  latter  case  the  words  were  spoken  by  me,  and 
almost  immediately  the  equivalent  was  given  in  concise,  dis- 
criminating terms.  Only  occasionally  was  there  some  hesita- 
tion and  a  groping  after  the  name  of  the  precise  food  which 
descriptively  satisfied  the  subjective  experience,  Because  of 
the  unufiiialues*  of  the  case,  it  has  seemed  best  to  transcribe 
in  its  entirety  the  list  of  150  words  that  is  before  me  in  my 
notes.'  The  only  change  made  is  the  arrangement  of  the 
words  in  their  alphabetical  order. 


I  Some  fcrtber  equivaleuta  may  be  lonnd  in  Table  V. 
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^^^^MiV 

Xkvux.  I.                                                         ^^H 

^                     Gustatory  Bquh'alenti  oj  Words  Htard.    {English.')                  ^^^| 

^^H 

SomethJag  «oft.                                                                          ^^^| 

^^H 

Not  definite.                                                                                ^^^H 

^^^H 

Spauiab  Cream,  vrtlh  aprinkltag  of  augar.                           ^^^^| 

^^H         Alfred, 

Corn-bread  id  milk.                                                                   ^^^^| 

^^^^1         oinetbyst, 

BittemcM.                                                                                   ^^^H 

^^^B          Amy, 

Ketchup  (especially  vivid).                                                     ^^^^| 

^^^H         AooeorAanie, 

Apple  sauce  stiQ  with  eu[{ar.                                                  ^^^^| 

^^^^1 

White  frosting  on  cake.                                                            ^^^H 

^^^^P 

Small  panicles  of  delicate  meat,  probablj  lamb.               ^^^^| 

^^B          Bailey, 

Marebmallows.                                                                           ^^^^| 

^^^H         facact, 

(see                                                                                                ^^^^1 

^^H         BeUut, 

juicy  beefsteak.                                                                          ^^^^| 

Like  bitinjf  Bometbinfti  *■  "  taking  celluloid  bctweea             ^H 

the  teclh.                                                                        ^^H 

Spice  cake  (dark).                                                                     ^^^H 

^^^H         Bra. 

^^^H         Beti|Bmtn, 

^^^H 

Crumbs  of  batter.    Cool.                                                         ^^^H 

^^^H         BUncbud, 

Dried  catnip.                                                                        ^^^H 

^^1 

Notbiiif*  definite.                                                                        ^^^H 

^^^^1        ^y. 

Gum  drops.                                                                                  ^^^^| 

^^^^1         BrowDing, 

Rather  rich.    Inclines  to  bitter.    Might  beover-done           ^^k 

Ringerbread.                                                                          ^^^H 

A  taste  of  its  own,  vivid  but  indescribable.                       ^^^H 

^^^H 

^^^H 

Dry  meat.                                                                                    ^^^H 

^^^^H 

Onions  or  asparagns  cooked  in  milk.                                       ^^^H 

^^^^B         cansc. 

Hot,  soft  corn-bread.                                                                ^^^H 

^^V         Charles, 

Buttered  toaal,  not  dried  through.                                    ^^^H 

^^m         CUm, 

Lobster  claws.                                                                             ^^^H 

^^K         «n. 

Senaation  of  irritation  in  throat.                                           ^^^H 

^^^H 

Baked  aweet  jiotato  with  much  butter.                                 ^^^H 

^^^H 

Cool,  tally.                                                                                  ^^H 

^^^H 

Warm  new  cake.                                                                        ^^^^| 

^^^H         dtstiact. 

Preserved  peara.                                                                         ^^^^| 

^^H         Dolly. 

Molaaaes  candy,  moist,  finid,  taffy>ltk«.                               ^^^H 

^^^H         Dora, 

^^H 

^^^H         Dototby, 

'Velvet*  molasaes  candy.                                                          ^^^^| 

^^^^1 

Raw  apples.                                                                                ^^^^| 

^^^H          Dwight, 

Beefsteak,  brown,  a  little  burnt,     Or,  apmce  gum.          ^^^1 

^^^1 

Not  clear   at   first.    Then,  dry    meat,  when   spoken            ^^k 
quickly   and  sharply.     If    spoken  more  slowly,        ^^^| 

^^^^B 

softer,  pliable,  creaky,  like  pnSed  rice.                        ^^^| 

^^H         Edith, 

Potato  soup.                                                                                ^^^^1 

^^H         Edgar, 

Boiled  egKs,  with  suggestion  of  the  shell.                         ^^^H 

^^^H         Edna, 

Boiled  eggs.                                                                                 ^^^^| 

^^^H         Edward, 

Soft  eggs.                                                                                               ^^^H 

^^^^H          Eleasor, 

Chicken  'stuffing.'                                                                      ^^^H 

^^H 

Piece  of  twine  in  mouth.                                                          ^^^H 

^^^B          Elizabeth, 

Sbreda  of  vrcU^douc  roast  beef.                                                    ^^^^H 

^^H 

Corn-bread  in  milk.                                                                   ^^^^| 

^^^H         Bmma, 

^^^H 

^^H         BoIalU, 

Eu^olives.    Ialia^cook«d  frmt  or  felly.                          ^^^H 

^^^H         Bnoke, 

Intensely  sour.    Draws  the  jaws  so  that  there  is  de-       ^^^| 

^^^^H 

cidcd  pain.                                                                                  ^H 

^^H 

Ueat                                                                                               ^^^^1 

^^H 

Sensation  of  putting  thimble  on  tip  of  tongue.                 ^^^H 

^^^^1 

Pieah  catnip.                                                                               ^^^H 
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^H            finer, 

Cold  Boston  Baked  Beans.                                       ^H^^^^^^| 

■ 

(tee  'BeUasl'J.                                                                    ^^^^^M 

^H               feast, 

(see  'caae').                                                                                  ^H 

^H             Filicbrown, 

A  aerial  experience.    Water,  then,  qaickly,  ginger-        ^^^H 

bread.                                                                                       ^^^H 

Maple  BQgar.                                                                          ^^^H 

^H               Plarcnce, 

^H               fouad, 

^^^H 

^H               pTftacix, 

Baked  Beans.                                                                                 ^^^H 

^H              Freacb, 

Cbartotte  Roue.                                                                          ^^^H 

^m            G«orge, 

Souiclhiti);  thick,  like  a  cbarcoal  tablet.                                ^^^^| 

^M              Gludys. 

'Velvet'  molasses  caudy.                                                            ^^^^B 

^m            Sriii' 

Frcncb  toaat,  or  fried  hread.                                                             ^M 

H              Hall, 

Like  rabbtr  cud   o(    pencil   preascd  againat   tip   of        ^^^H 

^^1 

^^^H 

^1              Htnaab, 

Dry,  nnt-likc.                                                                               ^^^H 

^H                  Harriett 

Cooked  cherries,  inclined  to  bittereesa.                              ^^^H 

^H                 Harm, 

Nothing.                                                                                        ^^^^1 

^1              Harry. 

Nothing  definite.                                                                           ^^^| 

^H              Hawtboroe, 

Agrecnblr,  little  sweet,  little  bitter,  smooth,  elnslre.             ^H 

^1                 Helen, 

Blanc  tnange.                                                                                ^^^^| 

^H              Heltne, 

Raw  oat  meal.                                                                               ^^^^| 

^1 

Dry  meat.                                                                                                ^^^^| 

^H               Henry, 

Celery.                                                                                   ^^H 

H 

Something  cold.                                                                           ^^^H 

^H                 hope. 

Celery.                                                                                            ^^H 

■              ice. 

Like  iueir.                                                                             ^^H 

■ 

Thin,  salty  Srotb  namh?).                                                        ^^H 

^^B 

Boiled  cwlibagc  Tor  grccnft)  with  vinegar.                                 ^^^^| 

^H              iutelllgeoce, 

Raw  sliced  tomato.                                                               ^^^H 

^H 

Stewed  tomato.                                                                                   ^H 

^H               Irving, 

Rich   sort   of   word.     Cottage    pudding   with   thick,         ^^^H 

^^H 

sweet  sauce.                                                                           ^^^H 

■              Italy, 

Very  suiall  white  ptcklcd  onions.                                            ^^^^| 

^H              Jessie, 

Dry,                                                                                       ^^^1 

Cool,  round  rolling  pieces,  possibly  nuts.                          ^^^H 

^H               John. 

Crust  of  soft,  moiat  gingerbread.                                             ^^^^| 

^H               jQscpbiae. 

Oranges.                                                                                        ^^^^| 

■           Joy    \ 

^m               Joyce  ( 
^H              Juditb, 

Rich  cream  candy.                                                                      ^^^H 

Sbrcds  of  very  salt  boUed  ham.                                               ^^^H 

^H                Katlicrine, 

Tea  grounds,  or  spices.                                                              ^^^H 
Soft  itiAJdc  part  of  a  baked  apple.                                           ^^^^| 

^H                Kitty, 

^H                  Lena, 

(see  'Helenc').                                                                             ^^H 

^H                Licta. 

Mutton  tallow.                                                                             ^^^H 

■                light, 

Soft  juicy   lobe  of  a  grape,  when   apoken   quickly.        ^^H 

^H 

Chicken  sravy,  when  spoken  slowly.                                    ^H 

^H              Lillian(=Ully), Sweet  apple  jelly.                                                                 _^^^H 

^M                l^la. 

Slewed  prunes.                                                                                     ^^^^H 

^H 

Boiled  new  potato.                                                                     ^^^H 

^H              Louise, 

^^^H 

^1              Luke. 

Not  definite.                                                                                 ^^^H 

■               LqIti. 

Floating  islands.                                                                         ^^^H 

^H                Mebclle, 

Maple  sugar.                                                                                ^^^^| 

^H                Marfcaret, 
^H               Mana, 

Lima                                                                                              ^^^^1 

Dry  browned  part  of  custard.                                                   ^^^H 

^H                Harion, 

Meat       walnuts.                                                                                 ^^^H 

^H               Maijorie, 

Rich  cream  candy,                                                                     ^^^H 

^H                marry, 

Raisins.                                                                                         ^^^H 

■                Mary, 

Stewed  blackberries.                                                                 ^^^H 

■ 

"               GCSTATORV  AODITION.                                       345                H 

^^^ 

Yolk  Of  cgg»  ID  salad.                                                            ^^H 

^^r              ni«u, 

^^H 

^H                MiriatD, 

Cool,  plcaaant.                                                                      ^^^H 

^B               mocc&aitt, 

^^H 

H               Molly. 

Sweet  cnstard.                                                                             ^^^H 

^H                Nancy, 

(see  'fancy').                                                                               ^^^H 

^H                Ncwcomb, 

Cioffcr  cookief.                                                                           ^^^^| 
Cold  campbor-lc«.                                                                      ^^^H 

^H 

H                Obi 

^^^H 

^1 

Tbc  dip  of  milk  toist.                                                               ^^^H 

^H 

Nothing  rlc6nite.                                                                         ^^^^| 

^H                 parlor, 
^H                 Patrick, 

Honey  0:1  bread.     (Bapectklly  vivid.)                                   ^^^H 

Nothing  driioite.                                                                         ^^^^| 

^H               Pbcebc, 

Small  pieceK.     Walnutu  broken  ap.                                       ^^^H 

^B               Pierce, 

Crisp,  fatty  part  of  fried  bacon.                                              ^^^H 

K          Poiiv, 

^^^H           Rschel, 

(see -Molly').                                                                               ^^H 

Oiugrr  cookicN.                                                                                   ^^^^| 

^^^1 

Moist,  cool.    Raw  cucumbers.    (Vivid.)                           ^^^H 

^^^B          Royce, 

Ricb  cteam  candy.                                                               ^^^H 

Like  itMlf.                                                                           ^^H 

^^^H         Ro«Klie, 

Sweet,  spicy,  as  If   fames  were  passing  up  through             ^| 

the  uostiils.                                                               ^^H 

Almonds.                                                                                      ^^^H 

^^^H         RoMinond, 

^^H 

White  grapes.                                                                                        ^^^^H 

^^^H         Sampson, 

^^H          Sarftb, 

PoUito  salad.    (Vivid.)                                                       ^^H 

Cold  metal  between  the  Hpa.                                              ^^^H 

^^^^H              Sb  VRgC , 

Raw  apples.                                                                                 ^^^^| 

^^^1         Scott, 

Skio  of  a  baked  apple.                                                              ^^^^| 

^^H 

'Sr  is  indeSnlte.     'loa'  ]b  caod;.                                        ^^^H 

^^H 

^^H 

^^^B         story, 

Stewed  cranberries.                                                             ^^^| 

^^^B         Susuit 

toast.                                                                                   ^^^H 

^^1          Tabby, 

Bananas.                                                                                       ^^^^| 

^^H        TappAD. 

NothUig.                                                                               ^^H 

^^^H        towu, 

Tongue.                                                                                ^^^H 

^^^H 

(see  'cox').                                                                           ^^^| 

^^^H 

(see  'Jessie').                                                                               ^^^H 

^^^H          Udjod. 

Olivcj.                                                                                          ^^H 

^^H 

(see'Mariii-).                                                                             ^^M 

^^^^1 

Moistened  bread.                                                                       ^^^^| 

^^^^1 

Thick,  mUv  cream.                                                                   ^^^H 

^^H          WUtiam, 

Cool,  cleat  water.                                                                              ^^^^| 

^^^^1 

^^H 

^^^^1          Zcchsrinb, 

*Zech'  is  something  hard.                                                        ^^^H 

^^H          ZcdKclikh. 

'diah*  iK  something  atifl,  then  yielding.                              ^^^^| 

^^^H            It  should  b«  clearly  understood  that  the  equivalents  above          fl 

^^^H                   are 

meant  in  each  instance  to  refer  to  the  fact  that  the          ^| 

^^^H        subject  feels  as  if  she  were  actually  having  in  the  mouth  the          H 

^^^1        described  substance  or  some  substance  possessing  the  quality          H 

^^^1         indicated 

H 

^^^^             Ad  exatniDation  of  the  list  will  reveal  the  fact  that  all  the          H 

^^^^1          possible  ' 

qualities  of  gustatory,  cutaneous,  and  tactual-motor          ■ 

^^^H         cxpctiences  arc  rcprc<%nTed.     Ver>'  rarely,  if  ever,  are  the  ex-          ^| 

^^^H        perietices 

con6ned  to  jsolaied  qualities.     Rather  Ihey  are  com*          ■ 
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plex,  oftea  btgfaly  so,  but  no  more  ooinplex  than  the  real 
experiences  would  be.  A  few  words  are  gathered  together 
here,  in  order  to  show  clearly  the  presence  of  the  several  dif- 
fereut  qualities. 

TA.BL.E  II. 

RePreisntttHve  words  yielding  the  various  ume  qvatHits. 
Sweet;  Dolly,  Irvit)K>  joy>  Parlor. 
Sour:  Uontce,  Iner.,  Italf,  Josephine. 
3«U:  idle.  Judith. 

Bitter:  ametliyBt,  Browuiog,  Harriet. 
CoW;  noisf,  Snrfih,  William. 
Elot:  cause,  iliscrete. 
PrcMure :  Ettael,  Hall. 
Pain:  Knnice. 
TMCtaaKmotor  :  Bcd,  B«w,  Clara,  Kittr,  John,  Phwbe. 

The  color  characterizations,  as.  for  example,  in  the  equiva- 
lents of  Austrian.  Benjamin,  Dwjght,  Italy,  and  Rath,  are 
inserted  solely  for  the  purpose  of  more  exactly  describing  the 
object  referred  to.  They  must  not  be  taken  to  indicate  the 
presence  of  subjective  pbotisms  accompanying  the  other  ex- 
perience. 

These  syna;sthesias  are  often  experienced  in  the  ordinary 
course  of  listening  to  conrcrsaiions,  lectures,  etc.  Short  sen- 
tences do  not  behave  as  units  in  producing  'tastes,'  but  some- 
limes  the  compound  words  will  be  effective,  causing  the 
appropriate  'tastes'  to  appear  serially.  Similarly,  long  words 
frequently  behave  in  this  fashion,  parts  of  a  word  evoking 
quite  distinct  and  separate  'tastes.' 

Tlie  speed  with  which  a  word  is  prononnced  is  sometimes  an 
important  condition.  Thus  the  word  light  pronounced  quickly, 
with  little  accentuation  on  the  vowel,  equals  "the  soft,  juicy 
IoIk!  of  a  grape;"  pronounced  slowly,  with  vowel  prolouKed. 
it  equals  "chicken  gravy."  And  fase  gives  "dry  meat"  when 
spoken  quickly  and  sharply;  while,  if  spoken  more  slowly,  its 
equivalent  is  "something  softer,  pliable,  creaky,  like  puffed 
rice."  It  follows  from  this  that  the  same  word  has  different 
'tastes'  when  spoken  by  different  individuals.  There  is  no 
e\'idence,  however,  that  in  general  vowels  are  the  more  influ- 
ential parts  of  words. 

The  direction  of  the  experience  is  always  from  sound  to 
'taste,'  the  reverse  being  possible  only  as  the  couuections  are 
remembered. 

When  requested  to  state  the  gtistatory  equivalent  of  a  word, 
the  subject  will  frequently  pronounce  the  word  to  herself  before 
making  reply.  Enquiry  as  to  the  purpose  of  this  elicited  the 
fact  that  such  pronunciation  serves  often  to  reinforce  the  audi- 
tory excitation  and  thus  make  the  gustatory  qualities  more 
vivid  and  more  readily  describable. 
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The  best  condition  for  the  appearance  of  the  synaesthesia 
seems  to  be  a  state  of  natural  hunger.  Thus  a  noon  lecture 
arouses  distracting  and.  since  trie  "tastes'  are  in  no  way  satis* 
fying,  extremely  taDtaliziiig  experiences,  as  does  also  table 
conversation  before  the  subject  herself  is  served  with  food. 
When  faint  or  jaded,  the  synarsthesia  is  less  pronounced.  The 
presence  of  food  in  the  month  does  not  interfere  with  the  vivid- 
ness of  the  experience. 

II. 

With  the  exception  of  knowing  that  high  piano  notes  gave 
a  banana  flavor,  the  subject  was  not  aware  that  any  sounds 
other  than  proper  names  and  English  words  were  involved  in 
her  !iyna;«thcsta  until  special  tests  were  made.  The  following 
Tables  present  the  results  of  these  tests,  in  which  nonsense 
syllables,  foreign  woids.  and  non-vocal  sounds  were  used. 
These  Tables  are  self-explanatory  and  need  no  special  com- 
ment. 

Tablk  tn. 

Fiirther  Gustatory  EquivaUnIs  of  Veatl  Sounds. 


NaBiirDMSylUble*.' 

bik, 

bod, 

dep, 

dob, 

rj: 

lor, 
oiT, 
■at, 
tol. 


tUUan  WartU. 
canto, 
vitB, 
□ostrs^ 


cammiD, 
del. 


mttxa, 
FrcDcb  Wofd«. 
doni, 
exemple, 
yne. 


Sometbiog  stiff  and  brittle. 

SometbitiK  sour  with  the  tcxttue  of  a  pickle. 

Meat,  roast  beef,  well  done. 

Somettiing  soft,  smooth  like  silk. 

Sweet,  like  spicccake,  crumby,  dry. 

Small  paitklcft,  uioced  meat. 

Lirer. 

Somcthiug  witli  tbc  texture  of  cooked  pear*. 

Hottou  fat. 

SometbtDEBwect.    (At  back  of  month,  on  palate.) 

SomctbiUK  aliEf.  about  like  Grabam  crackers. 

White  part  of  egg  beaten  stiff.     (Texture  vivid.) 

Meat  flavor,  aalty,  hard,  probably  corned  beef. 

Soiuclbiuft  damp  ami  soliil. 

Sweet,  BtiS,  bard,  tplintery  caady. 

Something  crunchy  and  soar. 

Souicthiug  soft  and  agreeable. 

Something  stiff  and  hard  with  caramel  SsTor, 

Something  sweet,  pleasant,  cool,  clear,  delicate, 

like  milk  that  haa  been  poared  over  a  baked 

apple. 
Olire  oil. 

Sonirlbing  awcct,  dry  and  rongb. 
Something  with  the  tcxtnrcof  felt. 
Something  soar  and  jaicy. 


1  The  (ollovring  yielded  notbing  whatever:  blT.  dik,  bed,  lat,  Itm, 
map,  sax,  tern,  tez,  vaz,  Tip,  wal,  wat.  yes,  yol,  yuz. 


PIBRCB :                                                         ^^^1 

^^^^H             moatrer,* 

CBiUrd<lilce,  *»\\.y,  an  omelet.                                      ^^^H 

^^^H           aueupe. 

Dry  fragaicnta   or   crystaU  of  something,  like        ^| 

^^^^^B 

lamps  of  camphor.                                                ^^^1 

^^^^^H               Ocrman  Wottlii. 

^^^^^H 

^^^H 

SomdhJug  rich  aud  sweet.                                                    ^^^H 

^^^^H            scliw(uikrM{//, 

The  fiU:i3K  of  "quash  pie,  soft  and  sweet.                            ^| 

^^^H 

Something  stiS,  witli  qnality  of  pop-corn,  mildly          ^| 

^^^^^^M 

^1 

^^H           gntigt, 
^^H            filick. 

Sotnetliing  soft,  not  very  pleamnt.                                   H 

Something  Bti0,  dry  and  tasteless,  like  raw  msca-  H 
Somctliini;  «wect  and  delicate.                                       ^^^H 

^^^H 

^^^H 

Something  brittle  between  the  teeth,                           ^^^H 

^^^^H           dem. 

Cookcil  COCOAIlUt.                                                                      ^^^H 

^^^H 

Someitiing  «  little  salty.                                                       ^^^^| 

^^^^H 

Soft  sfare^lG  of  meat,  moist  and  oily.                             ^^^H 

^^H 

A  clear  ^wect  juice.                                                                 ^^^^| 

^^H 

Something  stingiog  and  &zzy.                                        ^^^^| 

^^^^B 

Gravy.                                                                                  ^^^H 

^^^H 

Something  sweet.                                                              ^^^^| 

^^^H 

(Like  English  'ease'  and  'beast').                              ^^^| 

^^^^H 

Melted  huttcr.                                                                    ^^^1 

^^^^m 

Somethinx  rich,  orerrich.                                                 ^^^| 

Cooked  apple,  aa  in  pie,  drier  than  in  baked  apple.          ^H 

GrsTy.                                                                          ^^^1 

^^^^^ 

Table                                                 ^^| 

^^^^^^H                         Custatorv  Equh'alents  of  Non-vaeat  Sounds,                       ^^^| 

^^^^^^^^^      Varic«t  Muttcal 

^^^^H 

^^^^^^F 

^^^^^1 

^^^^^^     A  D  tin 

A  clear  sweet  flavor,  like  Christmas  candy  or  aagar  ^^^H 

^^^^^^^^ 

and  water.     The  higher  the  note,  the  less  pro-          ^^k 

^^^^^^^f 

nonnccd  the  sweet-                                                            ^| 

^^^^^^     A  C  month  orffao, 

Sweet  and   peppery    at    the    lowest    notes.    The           ^| 

^^^^^L 

sweet   inctcases   for  one-lhird  of  the  upwaixl           ^^k 

^^^^^^^H 

ran^e  nod  iheu  diminishes.     The  peppery  fla-          ^| 

^^^^^^^H< 

vor  rapidly  decreases  and  vanishes  one-lhird          ^H 

^^^^^^^"^ 

of  the  way  up.                                                                      ^^^H 

^^^V          Tuaiay  forks, 

^1 

^^^H           256  Tlbratiotts, 

As  II  warm  air  were  reating  npon  the  tongne.             ^^^H 

Warm,  and  clear  sweet :  tbe  lornier  ct-aaiuK  at  the           ^H 

^^^^1          Sia-1034    '* 

^^^1 

^^H 

foortb  DOte  and  the  latter  steadily  dimiuishiog.     ^^^k 

Like  toast  soaked  in  hot  water.                                      ^^^| 

^^1 

Sweet,  rather  strong  (like  licorice)^4  troche.           ^^^H 

^^H            F 

Mild,  gravy-like.                                                                ^^^^| 

^^B             K 

Banana  <«uiootb,  slippery).                                             ^^^H 

^^H 

Tbio,  insipid.                                                                      ^^^H 

^^^^1 

^^^^1 

^^^H          Lowest  three  notes 

.Troche  flavor.                                                                             ^| 

^^^^1           Prom  there  up, 

Grows  sweeter,  looes  atreogth,  becomes  clear,  tleli-          H 

^^^^H 

cate  and  sweet  in  flavor.                                                .    H 

^^^^1               (Several  other  leu  imporlfttit  iu»trument*  gave  result*  more  or  leu        '   ^| 

^^^^1 

■ 

^^^^H              >  Tbe  italiciied  portioosof  words  cootrlbntnl  mrthing  to  the  'Uatet'           ^| 

^^^^^^           experienced. 

1 
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fifois^.1.  Severml  dull,  flat  noises  evokcfl  nothing.  The  rabhinf;  of 
■  □ail  on  a  file  evoked  an  triiperieuce  of  teiuperatuie  in  the  mouth, 
this  being  hot  or  cold  occordtng  to  the  ktnd  or  degree  of  icraping. 

III. 

Btit  wbat  evidence  have  we  that  an  actaal  case  of  synees- 
thesia  is  here  being  reported,  and  tiot  a  case  of  artlGcial  asso- 
ciation dtie  to  a  lively  dramatic  fancy?  This  is  a  point  that 
must  be  raieed,  for  it  is  very  easy  to  entertain  a  suspicion  that 
the.ic  phenomena  arc  essentially  ungenuine,  Now,  of  course, 
in  matter.^  of  this  kind  general  impressions  and  personal 
knuwkd^e  of  the  subject  count  heavily.  And  on  both  these 
grounds  I  have  no  hesitation  iu  asserting  my  conviction  that 
the  above-cited  equivalents  are  the  expression  of  a  genuine 
sj^sesthesia.  But  since  such  personal  impressions  are  some- 
times unlikely  to  carry  conviction  to  others,  there  are.  fortu- 
nately, several  considerations  of  a  less  personal  nature  which 
can  lie  brought  forward.  The  following  facts  are  more  com- 
patible with  the  theory  of  syuxsthesia  than  with  that  of  mere 
suggested  imagery,  (i)  The  subject  herself,  an  accurate, 
careful  and  discriminating  person,  testifies  that  the  'guiitalory' 
part  of  ibe  experience  comes  quite  unsolicited.  It  is  /ffund, 
not  manufactured.  This,  it  is  affirmed,  is  unquestionably  true 
DOW  and  as  far  as  can  be  recalled  it  has  always  been  so.  In 
support  of  this  acconnt  of  the  matter  the  following  instance  is 
given  as  illustrative.  The  subject,  while  at  work  in  the 
library,  finds  herself  lasting  roast  beef.  Casting  about  for  the 
atiditory  cause,  she  hears  the  murmur  of  men's  deep  voices 
coming  from  au  adjacent  alcove.  (2)  The  food-equivalent  of 
the  'gustatory'  qualities  experienced  must  often  be  sought  for 
with  some  diligence  before  an  adequate  description  of  the 
matter  can  be  given  10  the  qncstioucr.  That  is,  the  experience 
and  the  naming  of  it  in  terms  of  a  given  food  are  quite  dt&tiuct 
affairs.  This  search  was  repeatedly  evident  in  the  course  of 
obtaiaiog  the  several  lists,  and  occasionally,  in  fact,  only  the 
qualities  themselves  were  given,  Added  to  this  is  the  fiurl 
that,  as  the  subject  reports,  ''some  words  produce  a  'taste' 
which  I  seem  never  to  have  experienced  before  cither  in  the 
pronounciug  of  words  or  in  eating.  Thus  the  equivalent  of 
Buddha  (the  ouly  specific  instance  recalled  by  the  subject)  is 
said  to  be  "vivid  but  indescribable,"  suggesting  olives,  but 
not  to  be  designated  accurately  by  any  known  food.  These 
facts  are  to  the  subject  herself  most  strongly  confirmatory  of 
the  correctness  of  her  introspective  analysis.  (3)  Many  of  the 
experieuces  are  given  quite  definite  locations  iu  the  mouth. 
Thus  the  equivalents  of  Ethel  and  Hall  (tactual)  are  felt  at 
the  tip  of  the  tongue;  of  tox  (irritation)  at  the  back  of  the 
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throat:  at /mdifA  (aaSx)  st  the  sides  of  tbe  voogot;  of  S^rmi 
(ooid)  OB  tbc  lijm:  oi  ametkja  (bitter)  "at  tbe  back  of  dw 
Boatii.  oo  ibe  roof,  where  tbc  root  of  the  too^ne  seems  to  hh 
it:"  of  Hi  (cold)  at  the  rear  of  tbetaaKDc:  of  JVawv  (cool) 
oo  the  enterior  maiact  of  the  tongoe ;  of  Ha  (cool  and  salt) 
aloa{  the  edge*  of  the  toi^:iie :  of  Fltrenu  (sweet)  orcr  the 
toofoe  as  a  whole ;  of  HarrUi  (bitter)  acmes  the  rear  of  ttie 
toogtie.  As  to  the  acid  eqniTalent  of  a  word,  the  subject  sasrs 
the  e£Eiect  is  sometimes  to  "draw  the  jaws  togetber."  The 
soar  is  located  along  the  edges  and  at  the  aides  of  the  toogne. 
(4)  When  in  doubt,  the  sabject  has  a  way  of  sUgbOy  pceasiof 
the  cheeks  inwards  with  the  fingers  nntil  the  sati^Ktory 
eqaivalcnt  comes.  This  points  to  the  sensory  rather  than  to 
the  iniagtaary  character  of  the  pbeootneixm.  (5)  The  erratic 
nature  of  the  matter,  tnany  words  aod  sounds  evoking  00 
'tailcs'  whatever,  is  precisely  like  that  of  the  well  k^nra 
syiUEstbesias.  (6)  The  subject  testifies  that  the  ezpertence 
has  a  character  intermediate  between  the  realitj-  of  sensation 
and  the  unreality  of  fancy,  imagined  tastes  seeming  to  be  "in 
the  head"  ratber  than  in  the  mouth.  And  (7)  the  equivaleots 
posseia  a  constancy  which  would  hardly  be  posnble  apart  from 
a  tnie  lyiuestbesia-  After  an  interval  of  six  months  a  number 
of  words  were  given  at  random  from  tbe  original  list,  with  the 
result  that  the  identical  equivalents  were  d«cribed  in  almost 
precisely  the  same  lauguage. 

nr. 

In  tbc  hope  of  getting  some  basis  for  a  theory  of  this  case 
an  examination  of  the  data  was  next  made  with  a  view  to  as- 
certaining  whether  simiUrities  of  sound  are  connected  with 
like  'gustatory'  complexes.  I  may  say  at  once  that  no  great 
soccctM  attended  this  examination,  (a;  As  a  preliminar>- ex- 
periment I  chose  certain  munDsyllablcs.  as  given  in  the  list 
below,  representative  of  labia),  dental,  and  other  word  elements, 
and  pronounced  them  a.<i  distinctly  as  possible  to  the  subject. 
Tbc  variety  of  'gustatory'  qualities  gi\'eu  under  each  class 
shows  that  ariicvlatory  simiiariiy  is  not paralieUd  by  'gustaimy' 
iimitaiity.  This  negative  result  is  not.  however,  without 
value,  since  it  may  he  taken  to  he  confirmatory  of  the  fact  that 
Ibe  true  excitemeut  of  the  'gustatory'  qualities  is  auditory  aod 
not  articnlatory  in  character. 

Tadlb  V. 
Equivalents  0/  Wordi  Simitar  in  Ariicutaiory  Chaivctgr. 
Bfebe,  BlQsive,  cool. 


(Ublal) 


Fip«, 
Malm, 


Cool. 

Quite  Mlty.  Fuiuea  pau  tbroagh  tbe  uo«e. 
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(Palaul) 
(NualJ 


(Liiigo.I)  5;^; 


(Labial)    Valve,  Soft.     Meltfd  molasMS  caady. 

Fife,  Cool,  slitthtly  »our. 

Did,  Stewed  tomBto. 

Cease ^'ees^use,  (See  Table  I). 
CDental)    Tliin,  Not  defioite. 

Tenl-^conteot,      Stiff,  tbarp,  cundy. 

Church,  Meat,  soft,  lamb. 

Cake,  Like  itself,  bal  aUlf  cake.     Cool. 

Gag,  Nothing. 

Sing,  GloK^rbread,  spicy,  wsna. 

Nan,  Strong.   Dry  baked  beaos,  k  la  New  York. 

TriSe  sour. 
Meat,  be«f>t«ak,  not  very  jaicy. 

(b)  The  auditory  similarities  yielded,  upon  examination,  a 
tew  fairly  well  marked  correlations,  but  not  a  sufficient  number 
to  be  at  all  satisfactory.  Occasionally  a  prominent  vowd 
sound  seems  to  be  effective  in  various  settings.  Thus  Oo!, 
mho,  and  Susan  all  suggest  tbe  eating  of  milk-toast ;  ke,  fose, 
and  Casar.  dry  meat ;  WiUiam,  and  the  first  two  syllables  of 
FitUbrown,  water ;  Edna,  Edgar,  and  Edward,  boiled  eggs ; 
Bess,  Tress,  Jessie,  small  pieces  of  something  {Phahe,  however, 
does  the  same) ;  joy,  Joyce,  rtjokt,  Roya.  and  Marjorie,  rich 
cream  candy  (though  ^y  'tastes'  like  gum-drops).  On  the 
other  hand  Dolly  does  not  wholly  agree  with  Polly  and  Molly; 
and  ffi! ,  dice,Jife,  idU,  Inez.  ^nA  pipe,  though  suggesting  cold 
more  Ihau  any  other  quality,  are  conuected  irregularly  with 
both  salt  and  sour.  Still  more  distracting  is  it  to  find  that 
ideutical  'tastes'  are  joined  to  very  diverse  sounds.  Thus  oue 
'gustatory'  equivalent  does  duty  for  all  members  of  each  of  the 
following  groups:  Henry.  Hope,  Stella;  Dora,  men.  women; 
Alfred.  Elsie  {though  Albert  is  indefinite);  Ntmcomb,  Rachel; 
Florence,  Mabelle;  Dorothy,  Gladys;  Louise,  Tabby.  From  a 
careful  examination  of  the  entire  list  from  which  the  above  ex- 
amples are  taken  I  am  convinced  that  it  is  idle  to  seek  any 
rigid  uniformity  of  connection  between  given  auditory  qualities 
and  their  'gustatory'  equivalents.  And,  indeed,  perhaps  the 
very  complexity  of  both  items  of  the  experience  would  render 
this  search  fruitless,  even  if  definite  correlations  existed. 


In  attempting  to  decide  whether  the  above-cited  experiences 
are  to  be  explained  by  the  physiological  or  by  the  psycho- 
logical theory,  we  are,  apparently,  in  no  better  and  in  no  worse 
case  than  in  respect  to  all  varieties  of  syna^thcsia.  No  de- 
cisive facts  are  at  hand.  In  this  regard  and  in  all  essential 
respects,  thephenomena  here  arc  typical,  as  any  one  acquainted 
with  the  literature  of  synxsthesia  must  have  recognized.  To 
conjecture   that   the  subject's  sensory  defects — deafness  and 


mmaamiM — an  diredlj  or  fnArectly  nsfxwsible  far  tUi  apodMi 
cam,  theat  bd^  ptAf  iadfatjoaa  oJt  «  am  «rlewexteD- 
■ire  I  mw  liiiBJliin  of  ooitiaU  cnirqit*  ia  the  n^km*  odb- 
eefBcd.  is,  xfiter  mD.  to  iadn^  ta  bcsc  ipcatlatkaL  It  ts> 
koMnrcr.  mltesiBg  to  tfatak  thtt  ibe  sIovbcm  of  hoKiag  is  due 
Id  tbcdeflectiaa  of  nctml  tcBMoas  finom  tlw  i|i|TifMiitf  otkH- 
loryoestres  <k  Ibe  cortex  tBtoOose  rcgioo*  t^  s^nerre  the 
MBK  imrrfMoni  of  the  nKNtth.  Thift  cocQectare  wonld  be 
aobctaatiated  to  m  weawire  if  it  oonld  be  iami  tbsl  a  drcrraae 
of  auditor;  *r"******"  is  accompanied  b^  an  iooctae  in  tbe 
■mber  and  vinducsa  ca  tbe  sjtucstbelic  **'p*"^""**  For 
apwards  of  a  fear  Cbc  mbjcct  bu  had  tbis  partinUar  problem 
before  ber,  and  attbccgfa  ao  ipcneased  vividBesa  of  tbe  *gttstft> 
lory'  pbcooDcna  does  sometiniea  accompasT  tbe  dnaintsbeo 
acaleoea  of  bearais^,  sbe  is  not  wHling  to  assert  tbat  this  is 
■ot  dne  to  a  taore  carcfat  directing  of  tbe  attention  npon  tbcae 
pheaooena.  As  tbe  matter  sunds,  tberefore,  tbb  particolar 
ootijectttre  mtist  be  looked  opoo  at  present  as  lacking  tbe  de- 
mtd  soppoTt.  yevcnbeleas,  ooe  wbo  iodines,  as  does  tbe 
preaent  writer,  to  the  phsraotogicsl  as  oootrBSted  with  the  psy- 
Aologkal  explanation  of  synaesthesas  in  genenl  mav  find 
good  evidence  for  tbe  former,  it  seems  to  tne.  in  the  fiacts  above 
dted  coDcemiDg  tbe  constancy  of  the  gustatory  cqoinlents ; 
Ibe  dependcDcy  of  the  experieoce  npoa  iodJTidaal  fashions  of 
proonndatioa ;  tbe  repeated  difficulties  ia  potting  tlte  experi- 
ence, itself  perfectly  de&nile  and  vivid,  into  words  which 
adeqoately  de^tcribe  it;  and.  lastly,  tbe  fireqnency  with  which 
the  'tastes'  can  be  given  precise  localizations withfan  the  month. 
StJII,  here  no  less  than  in  all  known  cases  of  synsestbesis,  we 
can  only  regret  that  our  theory  is  so  lame  while  our  fiicts  are 
•osecare. 


THE  PERIOD  OF  MENTAL  RECONSTRUCTION. 


William  C.  RunmcsR. 
The  George  Washington  UnlTtMity. 


The  following  nccount  is  a  statistical  study  of  some  of  the 
experiences  that  arc  met  along  the  highway  toward  intellectual 
maturity.  The  studies  of  Leuba'.  Starbuck',  and  Coe',  have 
throwa  much  li^bt  ou  the  various  ways  in  which  the  religious 
life  develops,  but  less  has  been  done  for  the  correspondiDg  as- 
pects of  the  intellectual  life.  Bumham,*  has  published  some 
data  on  the  place  of  doubt  in  inteHectual  and  religions  develop- 
ment, and  Starbuck  more  or  less  iuctdentally  gathered  some 
data  ou  what  he  called  the  period  of  recoustructioa.*  His  re- 
tarns  showed  that  some  people  experience  subjective  transfor- 
mations of  varying  degrees  of  intensity  quite  apart  from  specific 
religions  development.  Such  people  are  at  times  keenly  con- 
scious of  experiencing  far-reaching  changes  or  enlargements  in 
their  inteHectual  points  of  view.  It  is  with  these  transfotma- 
tions,  their  causes,  their  presence  or  absence,  and  the  compara- 
tive frequency  of  various  types  that  Ibis  study  is  concerned. 

The  stndy  is  based  on  returns  obtained  by  means  of  the  fol- 
lowing questionnaire,  supplemented  by  correspondence  and  per- 
sonal interviews.  Three  hundred  twenty-seven  answers  to  the 
questionnaire  were  received,  bntof  these  only  282  were  used  in 
preparing  this  paper.  The  purpose  in  rejecting  the  others  was 
to  avoid  the  fallacy  of  selection.  The  2d3  came  from  groups  in 
which  7ery  nearly  all  answered. 

Questionnaire. 

Read  AH  tht  Questions  Before  Amsxoefimg  Any. 

Please  answer  by  placiu)j:  "yea"  or  "no"  before  ibeqaeation  or  state- 
ment, 

Mark  the  degree  of  »rtitode  of  all  your  snswcrs.  \i  you  are  sure 
of  your  auswcr,  uiark  it  A.  If  fairlr  sure,  uiarlc  it  B.  If  in  mucli 
doubt,  nark  it  C.     If  it  is  only  s  rsndoui  KUess.  mark  iL  D. 


>A  Stndr  in  the  I'ftyt'hology  of  Relletoua  Phenomena,  American 
foumal  of  P%y<hology,  Vol.  VII,  p.  309  1. 

*The  Ptyehotogy  of  Religion,  London  and  New  York,  1899.  Also 
American  Journal  of  Psychology,  Vols-  VIII  and  IX. 

*The  Sptriluai  Lt/e,  New  York.  1900.  Also  Psychological  Review^ 
Vol.  VI,  p.  484  f. 

*The  Study  of  Adolescence,  Pedagogical  Seminary,  Vol.  I,  p.  175!. 

^Op.  cii..  chapter  XXII. 
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The  ditK  obtained  bv  meani  of  this  qoettionoftire  ore  to  b«  used  for 
•cicntific  purposes  and  are  strictly  coafidentiftl. 

I.  Conaidcr  the  hislorj-  of  voar  nient«l  (intcUectaal  Knd  moral)  <3c- 
Telopmeot.     Which  of  the  following  hu  it  been  most  like? 

(IIJ  t.  My  mtnUt  deTelopment  h»s  been  on  the  whole  gndual, 
but  nereral  incident*  in  my  life  bnve  given  it  noticeable  itnpetns.  witb- 
out.  however,  introducing  any  greit  cbnnf^es. 

(V)  2.  In  my  mcntnl  derelopment  I  expciicnced  one  pronounced 
•tvukcning  or  tr«n«ition  tbiit  gave  me  «  point  o(  view  and  nuljicd  my 
conception  of  things,  but  otherwise  my  mectiil  development  has  been 
graduaJ. 

(I)  3.  My  mental  development  baa  been  grailual,  so  that  tay  at- 
tention baa  never  been  attracted  by  subjective  changes  or  tranaittoat. 

(IV)  4.  In  my  men t*]  development  I  have  experienced  one  i>ro- 
nounced  awakening  or  trim sformat ion  that  gave  me  a  point  of  view 
and  unified  my  conception  of  things.  Since  then,  and  to  some  extent 
before,  1  liAve  been  conscious  of  a  namber  o(  anmller  transitions  wbtcb 
gave  me  new  pointa  of  vii^w  and  deeper  insight. 

(Ill)  5.  In  my  mental  devclopnient  I  bsve  experienced  a  small 
number  (say  s-to),  well  mnrVe-d  trnnsittoTis.  I  have  (elt  at  irregular 
intervals  that  I  bad  gained  new  and  important  points  of  view. 

II.  If.  in  your  mental  development,  you  have  experienced  a  notice- 
able or  pronounced  transition: 

1.    Wbut  was  your  age  when  It  occnned? 
«.    How  long  did  it  last? 

3.  Was  it  preceded  or  accompanied  by  doubt?    By  depression? 

4.  Waa  it  preceded  or  accompanied  by  a  calm  state  of  mind? 
By  elation  ? 

5.  In  the  trnDsition,  did  yon  fe«I  secure  and  that  yonr  mental 
foundations  were  becoming  firmer? 

6.  In  the  transition,  did  yon  feel   that  old  foundations  were 
crumbling  and  that  you  were  'at  sea'? 

7.  Waa  the  Lrausitlon  followed  by  doubt?    By  depression? 
Was  the  tfauailJon  followed  by  a  calm  stale  of  mind?    By 


elation? 

9 


liefs? 


to. 


Was  the  transition  followed  bv  a  rejection  of  former  beliefs? 
Was  the  transition  followed  by  a  rcadjastment  of  former  be- 


II.    Was  the  transitioii  followed  by  conacioualy  holding  con- 
tradictory positions  iu  science,  rchyiou,  etc.? 

III.  By  wbicb  of  the  following  was  this  transition  in  yonr  mental 
development  most  influenced  ?  Mark  with  an  X  theonc  of  the  follow- 
ing thnt  iufliicnccd  you  most;  with  a  V  the  next;  with  a  Z  the  nest: 

I.     Tbc  reading  of  any  particular  book  or  books.     (If  eo,  give 
same.) 

The  study  of  any  particular  subject.     (If  so,  name  it,) 
Tbe influence  of  a  person.     (If  so,  a  teacher,  pastor  or  who?) 
Entering  college. 


5.  Joining  Ibc  church. 

6.  Tbed 


death  of  a  relative. 


rv. 

I.    Were  yon  in  childhood,  before  the  age  of  twelve,  taught  re- 
ligioua  beliefs  o'r dogmas?     If  so,  namecbnrcb. 

3.     Did  you  receive  little  or  no  doRCnatic  relicioua  iustmction 
InchUdhood? 

3.     Have  you  experienced  religious  conversion?    At  what  age 
V.     What  was  your  occupation  or  schooling: 
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I.    Detrreen  io«ad  13?  s-    Betireen    and    i 

».  "        13    "       ?  6.  ■'  '■       1 

4.  ..  ..       ?  i,  ..  ..      ? 

(Pill  out  the  bUxik«  to  anit  your  Cftse,  bringing  it  down  to  the 
present.) 
VI. 

I.    Wbat  ia  joar  sex? 

3.    What  is  yoor  preteot  occapat!oo? 

Dste >fanie „ „ _„ 

(If  ■IgnittK'oi'ld  kc«p  full  (rom  aiiswrritiKlTankty.  dnttot  (Ikh.) 

The  returns  that  were  used  fall  into  two  main  groups,  based 
od  tbe  ituiuediate  occupation  in  wbich  those  answering  were 
engaged,  and  on  the  manner  in  which  the  returns  were  ob- 
tained. Those  in  one  group  were  graduate  students  when  they 
answered,  and  th(tsc  in  the  other  were  teachers.  I  shall  desig- 
nate these  groups  respectively  "Graduate Students'  (G.  S.)  and 
'Teachers'  (T). 

The  G.  S.  group  comprises  170  leturos  in  all.  Hight  of 
these  were  obtained  through  the  kind  co-operation  of  Professor 
W.  C.  Gore  of  the  University  of  Chicago,  ty  came  from  a  sec- 
tion of  the  senior  class  in  Teachers  College,  and  the  remaining 
145  came  from  graduate  students  in  Columbia  University, 
mostly  students  in  Teachers  College.  Theae  were  nearly  all 
obtained  during  class  time.  With  but  one  exceplion.  returns 
were  thus  received  from  all  to  whom  the  questionnaire  was  sub- 
mitted. 

The  returns  from  the  group  de^gnated  'Teachers*  came  In 
tbe  main  from  high  school,  trarmal  school,  and  college  teachers, 
and  number  112  returns.  Fourteen  of  these  came  from  the 
Winona.  Minu.,  High  School,  having  been  kindly  obtained  for 
me  by  Prin.  W.  A.  Bartlett  and  Snpt.  C.  R.  Frazier.  The  re- 
maining 98  I  obtained  from  friends  and  acquaintances  by  mail. 
I  first  made  a  list  of  50, — 25  men  and  25  women, — to  each  of 
whom  I  wrote  a  persuual  letter  at  the  time  the  questionnaire  was 
submitted.  Forty-eight,  or  96  per  cent.,  sent  returns.  Having 
been  so  successful  with  this  group,  I  repeated  the  e£fort  with  an 
additional  group  of  58.  Of  these  50,  or  86  i>er  cent.,  sent  re- 
turns. The  percentages  of  the  different  types  of  experiences 
in  this  group  corre.spond  so  cinsely  to  those  of  the  group  of 
fifty,  and  to  those  of  the  G.  S.  that  I  feel  safe  in  using  them. 
Without  a  criterion  with  which  to  test  them  I  should  not  have 
used  them  in  ibis  part  of  the  study.  Whatever  the  cause  of 
ihe  selection  may  have  been,  it  evidently  was  not  a  certain  type 
of  experience  called  for  by  the  questionnaire. 

Although  tbe  282  returns  used  in  this  study  are  practically 
unsclected,  in  the  technical  seuse  of  that  term,  the  group  as  a 
whole  is  highly  selected.      It  is  restricted  to  what  may  be 
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called  the  upper  stratum  of  tbe  teaching  profession.  Nearly 
half  of  those  aoswermg  were  actually  engaged  in  teaching,  and 
the  others  had  been  iu  that  work  and  were  preparing  to  go 
back  into  it. 

This  restriction  was  intentional.  It  gives  us  a  group  that  is 
homogeneous  and  m>  may  be  compared  nitb  other  homogeneous 
groups.  It  would  be  interesting  to  know,  for  example,  how 
the  clerical,  the  medical,  and  the  legal  professions  compare 
with  the  teaching  profession  in  the  ejtperiences  here  repre- 
sented. 

In  presenting  the  data  I  shall  follow  the  order  in  which  they 
were  called  for  by  the  questionnaire.  The  fallacy  of  selection 
having  been  avoided  and  tbe  numbers  being  fairly  large,  quanti- 
tive  statements  may  be  given. 

The  data  most  fundamental  in  tbe  study  were  elicited  by 
the  first  topic  of  the  questionnaire,  It  called  for  the  experience 
of  reconstruction,  with  which  the  study  is  primarily  concerned. 
Tbe  6ve  sub-heads,  or  ctasnes,  under  this  topic  form  a  gradua- 
ted series,  the  order  of  which  is  indicated  by  the  Roman  nu- 
merals in  parentheses.  These  numerals  were  not  printed  on  the 
questionnaire  as  nsed.  The  classes  were  intentionally  mixed  up 
50  as  to  insure  a  more  unbiased  selection.  It  wa.s  thought  that 
the  person  answering  would  thus  be  less  likely  to  place  him- 
self at  the  median  aud  be  more  likely  to  select  the  type  of  ex- 
perience that  most  ncariy  fitted  his  case. 

The  experiences  coming  under  this  head  were  divided  into 
five  clflwcs,  not  because  it  was  thought  that  this  exhausted  the 
possibilities,  but  because  that  number  of  diflferentiations  could 
easily  be  made  and  because  it  seemed  to  cover  tbe  field  with 
sufficient  minuteness.  Actually,  there  are  probably  no  discrete 
classes  at  all.  It  is  more  likely  that  the  different  degrees  of 
intensity  of  the  experience  form  a  continuous  series,  approxi- 
mating the  normal  probability  cur^'cin  its  form  of  distribution. 
The  data  preseut  considerable  internal  evidence  that  this  is 
the  case,  the  mode  falling  about  midway  between  Classes  II 
and  III. 

The  data  obtained  under  this  topic  are  given  in  Table  I. 
They  are  given  separately  for  the  sexes  and  for  the  two  main 
gronps  above  indicated.  As  only  six,  three  men  and  three 
women,  placed  themselves  in  Class  V,  theseare  here,  as  through- 
out the  study,  included  in  Class  IV,  from  which  they  do  not 
materially  differ. 

The  different  sections  of  the  table  agree  tolerably  well  among^ 
themselves.  The  variations  are  not  greater  than  might  be  ex- 
pected from  the  number  of  returns  used.  The  four  classes  arc 
all  nearly  the  same  size  throughout.  Class  II  alone  showing  a 
tendency  to  be  larger  than  the  others.     This  tendency,  how- 
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TAilT,lt  I. 

Hen 

Women. 

Tot»l 

ClasB. 

Number  i   Percent 

Number  |   Percent 

Number  1    Percent 

GrMl 

UNte  StndcDts 

I 

85 

26 

12 

16 

fi 

ir 

n 

iS 

35 

3> 

4» 

i7 

m 

19 

|6 

31 

34 

»0 

IV 

19 

20 

i6 

11 

35 

»/ 

Teacbem. 

I 

'5 

a& 

»3 

34 

3S 

'5 

If 

15 

26 

IS 

38 

30 

37 

III 

»7 

29 

13 

92 

29 

t6 

rv 

II 

19 

14 

36 

»5 

3i 

G.  S.  and  T. 

I 

40 

36 

25 

20 

65 

»J 

II 

48 

3> 

46 

35 

23 

34 

III 

35 

23 

38 

32 

aa 

IV 

30 

ao 

30 

'i 

60 

»i 

ever,  is  manifest  chiefly  in  the  G.  S.  group,  whicb  »nggests 
that  it  may  be  explained  in  part  on  the  basis  of  maturity. 

Age  was  not  directly  called  for,  but  it  wan  usually  given 
ander  Topic  V.  When  it  was  not  so  given  I  succeeded  nearly 
always  in  ascertaining  it  from  other  sources.  The  average  age 
in  the  G.  S.  group  was  approximately  iwenty-nine  years,  and 
that  of  the  T.  gronp  was  thiny-three  years.  This  difference 
of  four  years  would  enable  a  relatively  larger  number  from 
GIas5  II  of  the  former  to  pass  over  into  Classes  III  and  IV  than 
would  be  likely  to  be  the  case  iu  the  latter.  The  fact  that  the 
returns  from  the  G.  S.  group  were  marked  more  hastily  than 
the  others,  owing  to  a  limitation  of  the  time  to  twenty-five 
minutes,  may  also  have  tended  to  swell  Class  11.  This  cla.ss 
appeared  Srst  on  the  list,  which  exposed  it  to  the  factor  of 
primacy. 

No  marked  sex  difference  is  manifest  from  the  table.  If  any 
exists,  it  again  occurs  iu  Class  II  which  is  quite  uniformly 
larger  for  the  women  than  for  the  men.  If  an  explanation  iai 
this  is  necessary,  it  cannot  besought  in  maturity,  for  the  women 
average  about  the  same  age  as  the  men.  It  would  be  ex- 
plained 00  Che  assumption  that  women  are  more  coosen'ative 
than  men.  so  that  ihey  do  not  give  themselves  up  so  readily  to 
rapid  and  far-reaching  mental  transformations.     As  some  of 
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Ibe  data  to  be  taken  up  later  indicate  such  a  difference,  this 
point  will  be  referred  to  agaio. 

Psycbologically,  of  course,  these  four  types  of  oiental  develop- 
ment are  equally  significant.  Tbey  are.  perhaps,  all  eqaaUy 
normal  and  one  lead^  to  culture  and  insight  as  well  as  another, 
ft  statement  well  borne  out  by  the  data.  There  are  returns 
from  people  of  distinction  tu  science  and  philosophy  in  all  four 
classes. 

Although  these  four  classes  are  all  equally  significanc  as 
types  of  mental  development,  they  arc  not  eqnally  spectacular. 
Classes  III  and  IV  are  more  picturesque  than  I  and  II.  De- 
scriptions of  subjective  experiences  were  not  called  for,  aside 
from  those  briefly  given  io  the  questionnaire,  nevertheless,  a 
number  of  those  who  sent  returns  by  mail  gave  such  descrip- 
lioos,  and  a  few  others  I  obtained  from  members  of  Class  IV 
on  request  It  would  consume  loo  much  space  to  publisb 
them  all,  or  even  many  of  them,  but  two  of  Class  IV  are  in- 
serted. It  must  not  be  inferred,  however,  that  all  the  experi- 
ences even  in  this  class  are  as  deSuite  and  clear-cut  as  those 
cited. 

Dp  to  tb«  »gt  of  DiDclwn  or  twenty  I  bid  retained  a  certaio  ortho- 
dox view  of  the  world,  though  Dever  a  church  memtier.  But  my  !□• 
tereX  in  scicDti6c  reading  upset  me.  I  went  tbroogh  M>iaewbAt  tbe 
diiiaiegratiug  critio  described  In  Robert  Eismere,  and  the  reidins  of 
the  book  breught  tne  to  the  oonstriiciiTe  outcome  where  tbe  higher 
i-elKtioDi  of  rertgiau  ami  Kience  seemed  clear. 

AlthODgb  I  had  been  given  little  religious  iottniction  in  youth,  I 
abnorbed  an  'orthodox'  view  of  tbe  world  which  t  bad  no  occasion  to 
question.  At  the  age  of  iwcnty-two  tbe  doctrine  of  cvolation.  the 
writings  o(  Komtio  W.  Dresner,  anil  the  stimnlatine  influence  of  a 
teacher  gave  me  new  insight.  I  obtsincl  a  coacepttou  of  tbe  world 
u  An  evolving,  progressing  aoity,  and  I  felt  tbat  I  now  uodcrstood. 
Tbe  'orthodox'  views  cansed  some  friction,  butnn  the  whole  the  ac- 
companying emotional  tone  was  one  of  elation.  To  make  the  major 
readjustments  took  me  about  one  year. 

The  following  citation  from  John  Stuart  llixWh  Autobiography, 
page  66,  is  an  excellent  illustration  of  the  extreme  type  of  the 
reconstructive  ex]>erience. 

When  I  had  laid  down  tbe  last  volume  of  tbe  trattd'  t  bad  become 
a  different  being.  The  'principle  of  ntiHly'  understood  as  Beutham 
understood  it,  nnd  applied  in  the  manner  in  which  he  applied  it 
through  these  three  rolnmes.  fell  exactly  into  its  place  as  tlie  key- 
•toue  which  held  together  tbe  detached  and  frai;meutary  compouent 
parts  of  my  knowledge  and  beliefs.  It  gave  unity  to  my  conception 
of  things.  I  now  bail  opinions ;  a  creed,  a  doctrine,  a  philosophy;  in 
one  among  tbe  best  senses  of  the  wonl,  a  religion. 

The  experiences  in  Class  III  resemble  those  in  Class  IV. 
They  are  usually  less  acute,  although  not  always,  and  include 

*  Dumont'a  TVaiti  dt  I.egistation,  three  volumes. 
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a  smaller  section  of  the  mental  life,  thus  giving  opportunity  for 
several  to  occur.  One  person  distinctly  described  seven  and 
another  five,  but  generally  the  nnmber  is  smaller.  To  make 
this  phase  of  the  matter  concrete,  a  nnmber  of  first-hand  de- 
scriptions should  be  cited  ftom  each  class,  but  space  does  not 
permit  this. 

The  experiences  of  Classes  II  and  I  are  progressively  less 
pronounced  than  those  of  the  other  two  classes.  People  who 
placed  themselves  in  Clas.s  II  were  conscions  of  times  when 
their  mental  growth  was  accelerated,  when  they  came  upon 
new  unifying  principles,  but  the  matter  made  little  impression 
on  (hem.  The  people  iu  Class  I  realize  that  their  points  of 
view  have  changed  iu  the  course  of  time,  but  they  can  point 
to  no  specific  influeDces  or  occasions  that  have  brought  about 
the  change.     For  example,  one  person  responding  by  mail  said ; 

"My  growth  ba»  be«u  gradual, — no  sudden  trsnftttioni  or  chan^cB. 
.  .  .  .  I  need  to  tbink  a  utaiicr  over  lon^  before  I  adopt  a  new  n<^ 
tion.     By  thai  time  I  olten  forget  wUen  I  got  it." 

Topics  II  and  III  of  the  question  list  were  meant  to  apply 
mainly  Iu  Class  IV.  Cta.s.s  I  was  by  the  nature  uf  the  case  ex- 
cluded, but  nearly  all  the  members  of  Class  III  supplied  data, 
and  many  of  Class  II  did. 

The  data  elicited  by  the  first  two  questions  in  the  second 
topic  can  be  satisfactorily  considered  only  in  relation  to  Class 
rV,  although  members  of  Classes  II  and  III  also  attempted  to 
answer  them.  These  questions  request  (i)  the  age  at  which 
the  transition  occurred  and  (2)  the  length  of  time  it  lasted. 
All  the  mcmljers  of  Class  TV,  thirty  men  and  thirty  women, 
answered  the  first  questioa.  and  twenty-one  men  and  twenty- 
four  women  gave  specific  times  under  the  second. 

The  ages  at  which  the  transition  occurred  vary  for  the  men 
from  14-42  years,  with  an  average  of  33.2  years  and  a  median 
of  2t  years.  Forty-seven  per  cent,  of  the  ages  fall  between  18 
and  22  inclusive,  63  per  cent,  between  18  and  25  inclusive,  and 
16^  percent,  fall  below  jS  years.  For  the  women  the  ages 
vary  from  13  to  32  years,  with  an  average  of  20.25  years  and 
a  median  of  19.5  years.  Fifty-three  per  cent,  of  the  ages  lie 
between  18  and  20  inclusive,  70  per  cent,  between  18  and  22, 
and  only  10  per  cent,  fall  below  18  years.  The  men  show  a 
greater  range  of  variation  than  the  women  and  average  nearly 
two  years  older.  This  difference  agrees  well  with  the  differ- 
ence in  the  time  of  the  advent  of  puberty  in  the  two  sexes, 
which  indicates  that  the  period  of  reconstruction  is  likewise  a 
function  of  malnrity,  in  part  at  least. 

The  average  ages  fuund  by  Starbiick  are  higher  than  those 
given  here.'    He  found  thera  to  be  24  years  for  the  women  and 

^Opeit,  p.  379, 
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34-5  years  for  the  men.  How  to  account  for  this  difference  ts 
not  clear.  The  fact  that  the  a^es  in  Starbnck's  returns  were 
given  incidcaially  may  account  for  it  in  part,  a  person  harin^ 
met  the  experience  late  being  more  likely  to  mention  it ;  and  it 
may  in  part  al-'io  be  owing  to  the  fact  thai  he  sindied  mtscel- 
laocous  groups,  A  persou  taking  a  college  course  and  follow- 
ing an  iotcllectual  calliug  may  meet  this  period  earlier  than 
one  who  does  not. 

The  length  of  time  oocapied  by  the  transition  is  not  so  estsily 
given  as  the  age  at  which  it  occurred.  Few,  if  any,  had  anjr 
hesitation  in  aaying  when  reconstruction  began,  but  many 
found  it  difficult  to  say  when  it  ended.  The  times  given  by 
the  men  vary  from  a  month,  or  less,  to  three  years,  and  those 
given  by  the  women  vary  from  three  months  to  four  years. 
Seventeen  per  cent,  of  the  men  and  ten  per  cent,  of  the  wtimen 
indicated  that  the  experience  is  coniinuon-s.  One-third  of  these 
admitted  that  they  were  in  the  midst  of  the  process.  The  re- 
mainiug  two-thirds  may  either  be  similarly  explained,  or  they 
merdy  continue  to  feel  the  elation  coming  from  a  unified  men- 
Ul  life. 

The  average  time  spent  in  the  transition  by  the  men  was  1.6 
years  and  by  the  women  2,1.  The  women  evidently  take  a 
longer  time  to  adjust  tbemiielves  to  the  new  point  uf  view  than 
the  men.  This  is  in  harmony  with  the  common  obser\'ation 
that  women  are.  as  a  rule,  more  conservative  than  men.  In 
the  reconstrnclion,  usually  long  cherished,  but  now  ioconsist- 
ent  views,  roust  be  modified  or  discarded,  and  although  the 
women  are  intellectually  convinced  of  the  new  truths,  their 
feelings  linger. 

The  ages  at  which  the  transition  occurred  as  given  by  Class 
III  are  not  so  reliable  as  those  given  by  Class  IV.  where  all 
answered  the  qucslion,  but  they  may  be  mentioned  id  passing. 
Fifty-one  ages  were  given  by  the  men  and  35  by  the  women, 
coming  in  each  case  from  about  half  that  uumber  of  persous. 
The  ages  vary  from  8-40  for  the  men,  with  an  average  of  so, 
and  from  10-32  for  the  women,  with  an  average  of  20.1. 

The  data  gathered  by  questions  3-11  under  Topic  II  are  con- 
densed in  Table  II.  The  percentages  of  the  positive  answers 
ouly  are  given,  Many  negative  answers  were  also  recorded, 
but  the  tendency  is  for  people  to  leave  a  blank  where  a  positive 
answer  cannot  be  gi^^en. 

It  is  clear  that  all  the  feattires  having  to  do  with  'storm  and 
•tress'  increase  as  we  pass  from  Class  I  to  Class  IV.  In  fact, 
the  column  for  Class  I  is  practically  blank. 

A  marked  falling  off  in  doubt  and  depression  is  noticed  after 
the  crisis  has  been  passed,  and  there  is  s  corresponding  increase 
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ia  calm  and  etatioD.^  Tliose  who  were  afflicted  with  doubt 
and  depression  during  tlie  transition  frequently  gave  a  positive 
answer  also  under  'calm,'  and  sometimes  even  under  'elalion,' 
but  they  usually  indicated  that  there  was  an  alternation  of 
moods.  A  similar  alternation  was  also  frequently  indicated 
between  feeling  secure  and  feeling  'at  sea.' 

'Storm  and  stress'  is  nut  a  necessary  accompaniment  even  in 
Class  IV.  Eighteen  per  cent,  of  this  class  report  that  they  ex- 
perienced no  doubt,  depression,  or  feeling  of  'at  sea';  this  in 
spite  of  the  fact  that  G*  per  cent,  of  this  18  per  cent,  had  re- 
ceived religious  instruction  and  that  73  per  cent,  bad  read- 
justed their  religious  beliefs.  These  percentages  are  almost 
identical  with  those  of  Class  IV  as  a  whole,  which  are  65  per 
cent,  for  religious  instruction  and  75  percent,  for  readjustment 
of  beliefs.  This  is  strange  when  it  is  noted  that  it  is  usually 
the  incompatibility  1>etwcen  early  religioiLs  teachings  and  later 
scientific  and  philosophic  instruction  that  causes  the  friction. 
What  it  seems  to  indicate  is  that  storm  and  stress  is,  in  the 
main,  a  function  of  temperament.  No  matter  what  mental  re- 
adjustments have  to  be  made,  some  people  do  this  with  little 
or  no  emotional  disturbance. 

The  intensity  of  the  storm  and  stress  period  in  those  that  do 


>  A  nambcr  of  thoic  that  answered  the  questionnaire  sngt^cHtcd  that 
the  word  'satisfaction'  be  substituted  for  'elation.'  Had  Ibis  been 
done,  the  caption  would  no  donl>t  bave  drawn  a  atill  Unc*r  percentage 
of  positive  answers. 
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experience  it  varies  greatly.  Although  not  called  for.  three 
mentioned  that  it  was  very  painful,  and  two  of  these  had  con- 
templated suicide.  Taking  the  rubric  'doubt'  as  a  criterion  of 
storm  and  iitress,  33  per  cent,  of  the  people  studied  passed 
through  such  a  period.  This  figure  may  he  slightly  too  low  as 
13  in  Classes  III  and  IV.  making  5  per  cent,  of  the  total  num- 
ber, left  Topic  II  unanswered,  but  the  p>ercentagc  would  cer- 
tainly not  rise  above  38  or  40.  This  is  not  necessarily  at  vari- 
ance with  the  assertion  of  Starbuck  (0.  c.  p.  214.)  that  over 
60  per  cent,  of  average  American  young  people  pass  through 
such  a  period.  His  figures  include  the  storm  and  stress  fre- 
quently experienced  at  the  onset  of  adolescence,  while  ours  in- 
clude only  the  period  of  reconstruction. 

Questions  9,  10,  and  11  are  not  .tpecificaHy  'storm  and 
stress'  questions  and  so  require  separate  tneutiou.  Seventeen 
per  cent,  in  Class  IV  indicated  that  they  rejected  former  beliefe 
entirely.  Seven  per  cent,  did  so  in  Class  III,  and  2  per  cent, 
in  Class  II.  The  others  who  answered  that  question  in  the 
affirmative  aUo  answered  the  next  question,  usually  indicating 
that  there  was  partial  rejection  and  partial  readjustment.  The 
large  number  indicating  a  readjustment  of  former  beliefs  shows 
this  to  be  a  coustant  accompaniment  of  mental  reconstruction. 
The  fact  that  it  is  so  would  lead  one  to  think  that  certain  types 
of  religious  and  other  dogmatic  instruction  are  responsible  for 
at  least  some  of  the  storm  and  stress  that  exists. 

It  is  not  explicitly  revealed  by  this  study  to  what  extent 
stortu  and  stress  is  a  phenomenon  of  individual,  and  to  what 
extent  of  social  psychology;  to  what  extent  it  is  a  result  of  the 
process  of  growth  and  development,  and  to  what  extent  it  is  ft 
result  of  instruction  and  environment  during  childhood. 

No  matter  how  narrow  and  dogmatic  the  iuslructiou  has  been, 
a  certain  type  of  lemperQment  seems  to  be  necessary  to  bring 
about  emotional  disturbances  later.  This  is  evidenced  by  the 
fact  mentioned  above,  that  some  people  who  have  had  much 
dogmatic  instruction  readjiLst  their  beliefs  without  storm  and 
stress,  and  by  the  figures  of  Table  IV  below.  The  percent- 
ages of  those  having  received  much  religious  instruction  are 
nearly  the  same  in  ell  four  classes. 

No  striking  sex  differences  are  revealed  in  Table  II.  In  the 
Ia.«  three  items,  however,  the  figures  are  quite  uniformly  di- 
vergent fur  the  sexes,  which  would  indicate  the  existence  of 
such  differences.  Twenty-six  per  cent,  'jf  the  men  rejected  tn 
whole  or  in  part  their  former  beliefs,  as  against  17  per  cent,  of 
the  women;  and  44  per  cent,  of  the  men  readjusted  their  be- 
liefs, as  agaiast  36  percent,  of  the  women.  This  rejection  and 
readjustment  of  long  cherished  beliefs  are  radical  ^cts,  and  the 
fact  that  the  women  do  this  less  than  the  men  is  again  in  har- 
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mony  with  the  assumption  that  they  are  more  conservative. 
Still,  this  di2eren«  in  the  figures  might  be  explained  other- 
wise, an  explanation,  however,  that  does  not  seeoi  to  me  to 
have  much  weight.  It  isiiidicattd  in  Table  TV  that  the  women 
of  this  group  have  received  slightly  less  religious  instruction 
than  the  men,  and  in  Table  III  that  they  are  less  attracted  by 
science  and  philosophy  aud  therefore  study  them  less.  But  it 
is  these  subjects  that  are  most  likely  to  unsettle  certain  forms 
of  beliefs. 

The  average  percentages  for  holding  contradictory  beliefs 
are  li  for  the  meu  and  i.i  for  the  women.  Bnt  in  Class  IV, 
where  the  i.<isue  is  clearest,  the  percentages  are  respectively  23 
aud  47,  indicating  that  in  this  clasji  the  practice  is  fully  twice 
as  frequent  among  the  womeu  as  among  the  meu.  This  would 
indicate  again  the  more  conservative  nature  of  women.  Tfaey 
find  it  hard  to  discard  former  beliefs  of  whose  incon.sistency 
they  have  nevertheless  become  intellectually  convinced. 

In  drawing  this  inference,  I  have  not  forgotten  that  just  the 
opposite  conclusion  could  be  drawn  from  the  figures  under 
Classes  H  and  III.  I  noticed  frequently  in  gathering  the  data 
that  the  women  were  much  more  cautions,  and  apparently 
secretive,  in  marking  this  item  than  the  men.  They  appeared 
unwilling  to  confess  that  they  had  held  contradictor;'  beliefs. 
Some  answered  the  question  in  the  affirmative  and  then  erased 
the  answer.  This  indicates  that  all  the  figures  from  the  women 
should  be  higher  in  order  to  make  them  comparable  with  those 
from  the  men. 

The  catises  influential  in  bringing  aboat  the  transition  were 
elicited  by  the  rubrics  under  Topic  III,  and  are  condensed  in 
Table  III.  The  percentages  are  based  upon  the  entire  number 
of  entries  that  were  mdde.  In  all  there  were  490  of  these.  353 
by  the  men  and  237  by  the  women.  Counting  only  those  who 
made  entries,  this  gives  an  average  of  7.4  per  man  and  3.5  per 
woman. 

Tabuk  in. 


Personal  ities 

Science  and  Philosophy 

Payctiology 

Literature .*> 

Bateriag  College 

Joining  Church 

KiKellaiieout 
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In  dsMt^riog  tbeae  estries  I  made  originallr  im  cUjocs,  le- 
aptcdvtiy  tot  (i)  PersonalitiM.  (2}  Philosophy,  (j)  ScietKv. 
(4)  Social  Sdence,  (5)  Bible  and  Science  of  Religioo,  (6)  Psy- 
cfaolofcy.  (7)  Litertiore.  (8)  Entering  Colkge.  (9)  Joining 
Churcb,  and  ( 10)  MiacellaiKOtu.  Under  the  last  bead  I  placed 
vmusKd  items  as  "a  tMok"  or  "a  sab^  of  fitndjr,"  and  sncfa 
aabjecta  as  "travel"  that  were  meniiooed  hot  seldom  and 
wonld  not  logically  fall  in  the  classes  made.  Deaths,  whkli 
composed  3  per  cent,  of  the  tnflaences  for  the  men  and  6  per 
c«nt.  for  the  women.  werecUuified  under  personalities,  regard- 
ing them  *a  the  ^nbtraction  of  personalities  from  tbe  enriron- 
ment.  Tbe  fieores  for  pbilo»cphy  and  tbe  diSerent  sciences, 
with  tbe  possible  exception  of  psychology,  all  showed  tbe  same 
trend  and  so  the>'  were  combined. 

The  !=ense  in  which  ihtse  things  may  be  regarded  »s  catises 
of  the  transition  cannot  be  expressed  in  a  scntetice.  They 
differ  iu  this  respect  both  for  the  items  themselves  and  for  the 
people  mentioning  them.  A  personalily.  as  a  teacher,  may  do 
one  thing  for  one  person  and  quite  a  diSerent  thing  for  another 
penon,  and  its  influence  may  never  be  like  that  of  metaphysics, 
for  example.  A  teacher  in  the  classroom  might  snppiv  the 
principle  for  reconstrnciion.  or  he  might  merely  suggest  a  fruit- 
ful line  af  reading.  In  conversation,  in  letters,  and  on  the 
blanks,  the  statement  was  frequently  made  that  the  items  men- 
tioned should  not  be  regarded  as  sufficient  causes,  but  rather  as 
inciting  causes.  They  precipitated  a  reconstruction  for  which 
the  mind  had  long  been  getting  ready  through  study  and  ex- 
perience. The  particular  influence  serves  usually  to  supply, 
or  lend  one  to  find,  a  unifying  principle  for  things  that  are  al- 
ready in  the  mind,  but  which  have  heretofore  been  more  or 
let*  unrelated.  The  development  is  at  bottom  an  educational 
one  that  has  become  ripe  for  integration.  In  itself  probably  no 
influence  has  power  to  reconstruct.  To  be  efficacious,  the 
mind  must  be  ready  for  it,  and  what  would  luSuence  one  might 
not  influence  another. 

Tbe  difference  between  tbe  people  that  are  couscious  of  tran- 
sitions and  those  that  are  not  is  probably  in  the  main  tempera- 
mental. This  means  that  they  instinctively  react  differently 
to  similar  situations.  Some  of  the  persons  in  Classes  I  and  II 
arc  so  conser^'ative.  or  cautious,  or  reactionary  regarding  new 
ideas  that  they  do  not  adopt  them  outright,  but  'get  used'  to 
thera  so  gradually  that  tbey  are  never  really  conscious  of  how 
they  got  them.  Others  again  may  be  quite  the  opposite  in  at- 
titude and  coutiuually  reconstruct  their  mental  content  as  they 
pass  along  the  highway  of  Icamiug  and  expeneuce,  so  that 
large  transitions  are  precluded.  Other  attitudes,  or  native  and 
acquired  mental  eqtiipments,  might  be  posited  to  explain  all 
tbe  various  types  of  experience  in  this  respect. 
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A  perusal  of  Table  III  reveals  a  number  of  sex  differences 
that  are  worth  noting.  As  would  be  expected,  personalities 
count  more  with  woiueu  than  with  aien.  Tbcy  form  nearly 
one  half  the  influences  lueDtioned  by  the  women  and  only  aboat 
one-third  of  those  raenlioned  by  the  men.  Teachers  apiwar  to 
exert  about  equal  influence  over  the  sexes.  They  comprised 
18  per  cent,  of  the  item<;  for  the  men  and  21  per  cent,  for  the 
women.  This  leaves  a  balance  of  17  per  cent,  and  24  per  cent, 
for  personalities  closer  than  teachers,  such  as  parents,  brothers, 
sisters  and  friends,  or  a  ratio  of  3-2  in  favor  of  the  women. 
Science  and  philosophy,  on  the  other  hand,  conn t  more  with 
men  thnn  with  women,  in  the  ratio  of  nearly  2-1.  The  fact 
that  men  study  these  subjects  more  than  women,  and  therefore 
are  influenced  more  by  tbem  doe-s  not  explain  away  this  differ- 
ence in  the  figures,  but  points  in  the  same  direction.  The 
reason  why  msn  study  tbem  more  is  not  so  much  conventional 
as  it  i«  because  they  are  more  attracted  to  them.  Literature  is 
not  given  as  a  cause  as  much  more  frequently  by  the  women 
than  by  the  men  as  might  bave  been  expected.  But  when  it 
is  known  that  Emerson  and  Browning  are  the  authors  most 
frequently  mentioned,  this  may  beaccouuted  for.  The  writings 
of  these  authors  might  almost  as  well  have  been  cla.sscd  with 
philosophy,  for  they  supply  the  same  kind  of  unifying  princi- 
ples. Kuteringctillege,  by  which  those  answering  meant  cither 
the  event  of  gniug  off  '.o  college  or  the  inftnence  of  the  college 
coarse,  appears  decidedly  more  momentous  fur  women  than  for 
men.  This  is  very  likely  owing  to  the  fact  that  it  forms  more 
of  a  contrast  tn  their  lives  than  it  docs  in  those  of  the  men. 
Joining  church,  on  the  other  hand,  impresses  the  men  more 
than  the  women.  The  explanation  is  probably  similar  to  that 
of  the  preceding,  but  is  reversed  for  the  sexes.  Boys  are  more 
likely  than  girls  to  get  away  from  the  influence  of  the  chnrch, 
and  so  coming  back  and  joining  it  forms  more  of  s  step  for 
them. 

The  fact  that  the  relative  amount  of  influence  exerted  by  the 
various  items  was  called  for  has  not  been  taken  into  considers- 
tion  in  the  preceding  discussion.  It  was  faithfully  given  but 
each  item  was  assigned  with  about  equal  frequency  to  first, 
second  and  third  places,  so  that  weighting  seemed  unnecessary. 

Topic  IV,  pertaining  lo  religious  instrnclion  and  to  conver- 
sion, was  included  especially  for  the  purpose  of  .«cparflting  the 
religious  experiences  from  tha.se  that  are  more  purely  intellect- 
ual. That  the  period  of  mental  reconsiructiou  is  a  phenomenon 
independent  of  religious  conversion  is  indicated  by  the  data 
gathered  by  question  3  under  this  topic.  Unfortunately  the 
second  part  of  this  question,  calling  for  the  age  of  conversion, 
was  not  on  the  paper  at  first.  I  added  it  after  more  than  half 
louRNAi.— 7 


ike  waea  bvm  ii  lo  24  yeariwiAaaawBiggof  i6aadMniedMa 
of  15.  and  Sot  tbe  wocoesfiroa  10  to  35.  with  an  >rerage  of  14.$ 
and  a  medtni  ot  14.  For  tbe  bko  tboe  seea  to  be  two  mntV  1. 
one  at  13-1481x1  one  at  18,  and  far  tbewnaai  thee  is  one  at 
14.  AHlbeKfigvcs  AomOim.  cowpmiuu  is  aa  earlier  phe> 
■OBWon  tliaa  moOal  fntegiatiOB,  oo  ibe  aTerage  nearly  six 
Xears  earlier.  Tbe  same  But  aho  came  to  Ugbt  ia  SUrb«Kk*s 
rctdraa.  lo  Claai  FV.  I  ofauiocd  Ibe  age  of  coorccstoa  froa  i». 
or  from  3o  per  cent.  Id  ooly  two  of  these  ■"'tffTKTit  did  tbr 
ages  far  tbe  tvo  experieooes  cauaode. 

Tabus  IV. 


.  .  ...  1 

daw 

Kea 

TM>1 

Kem         Wotoen 

Toul 

I 
n 

Ul 
IV 

60 

n 

4S 
S9 
75 
«a 

55 

64 
73 
65 

50 
46 

50 

16 

54 

57 

38 

S« 
43 

Avar. 

69 

61 

6* 

45 

31 

39 

Tbe  reft  of  tfae  data  gialbered  b>*  this  topic  are  sammarized 
in  Table  IV.  It  has  already  been  pointed  out  that  the  amoimt 
of  religiorw  instruciion  received  in  cbildbood  does  not  correlate 
in  any  significant  way  with  the  experiences  of  mental  reoon- 
struciioo.  Some  correlation  exists,  howerer,  between  mental 
recoostmctioD  and  the  experience  of  conrersion.  This  is  in 
bannony  with  tbe  assumption  that  tbe  persons  falling  toward 
Clau  I  in  the  cnrve  of  distribution  adjust  themselves  more 
gradually  and  with  less  subjecti\'e  upheaval  in  all  things. 
They  are  more  calm  and  deliberate  in  temperament  than  those 
at  the  other  end  of  the  cun-e.  who  are  more  emotional. 

In  all,  6g  per  cent,  of  the  men  and  61  per  cent,  of  the  women 
Kaid  that  they  bad  received  much  religious  instruction  in  child* 
hood,  and  43  percent,  of  tbe  men  and  31  percent,  of  tbe  women 
had  experienced  religions  conversion.  Why  the  men  should 
experience  conversion  more  frequently  than  the  women  seems 
to  require  explanation,  for  women  being  more  emotional,  aod 
presumably  more  rcligiotis  than  men,  the  opposite  would  natur- 
ally be  expected.  In  part,  the  explanation  verj' probably  again 
strikcit  back  to  the  fact  that  boys  get  away  from  church  and 
home  influence  more  than  girls.  After  having  sowed  some 
'wild  oats'  they  come  back  to  their  foru:er  sphere  of  life,  pass- 
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ing  through  the  process  of  conversion  in  doing  so,  Girls  pass 
out  of  tbe  iofluence  of  the  home  and  the  chorcfa  less  frequently 
than  boys  and  so  bnve  less  occasion  to  become  converted. 
The  greater  conservatism  of  women  may  also  enter  into  the  er- 
planation.      They  are  less  given  to  abrupt  changes  than  men,* 

In  all  tio  answered  as  having  experienced  con\*ersion. 
Sevenly-cight  per  cent,  of  these  had  received  much  religious 
instruction  and  23  per  cent,  little  or  uoue.  Although  tbe  oppo- 
site might  again  be  expected,  the  explanation  is  probably  not 
far  to  seek.  To  have  received  religious  instruction  means  to 
have  been  brooght  up  in  a  religions  home.  The  members  of 
sncha  home  are  most  likely  to  come  under  the  influence  of 
church  services,  revival  meetings,  and  other  factors  that  stimu- 
late conversion.  No  doubt  heredity  is  also  a  factor.  The  pre- 
disposition in  church-going  families  ibr  deep  religions  experiences 
may  be  inherited  like  other  traits.  Furthermore,  religious  in- 
.stniction  in  childhood  is  taken  much  as  a  matter  of  course, 
having  little  meaning  attached  to  it,  hence  when  conditions  be- 
come ripe  to  give  it  content,  the  experience  is  likely  to  over- 
whelm tbe  mind.  AH  former  instruction  appears  in  a  new 
light  and  gets  a  significance  essentially  new.  But  this  cannot 
well  be  the  case  with  those  that  have  received  little  or  no  such 
instmction.  They  have  nothing  at  hand  to  he  made  meaning- 
ful and  so  are  more  free  to  go  about  the  matter  intellectually 
and  become  adjusted  gradually  to  the  deeper  meanings  that  the 
experiences  of  life  unfold. 

Topic  V  calls  for  biographical  items  pertaining  to  occupation 
and  schooling.  It  was  thought  that  irregular  schooling,  or 
getting  one's  education  late  In  life,  might  hie  a  canse  contribu- 
ting to  transitions  consciously  experienced.  A  few  instances 
point  to  tbe  conclusion  that  this  may  be  a  subsidiary  factor, 
but  it  certainly  does  not  enter  into  many  cases. 

It  will  l)e  of  interest  to  give  a  brief  acconnt  of  the  returns 
that  were  not  inclnded  in  the  foregoing  data.  These  are  con* 
densed  in  Table  V. 

Fifty  blanks,  together  with  a  return  stamped  envelope  and  a 
request  for  a  reply,  were  sent  to  Methcdist  ministers,  and  the 
same  number  to  members  of  the  Chicago  Board  of  Trade. 
The  names  in  each  case  were  taken  in  alphabetical  order  from 
published  lists.  Eight  in  each  group  returned  the  blanks  un- 
answered, while  twelve  clergymen  and  three  business  men 
kindly  supplied  data.  The  remaining  thirty  clergymen  and 
thirty-nine  business  men  were  not  heard  from. 

'  It  IB  not  meant,  of  course,  that  »tl  womea  are  more  connervntive 
than  men,  but  thnt  they  are  more  so  on  the  Kverage.  It  might  well  be 
that  the  tno^t  cooacrvative  person  Jn  the  worh)  ta  «  mati,  and  the  moat 
radical  person  a  woman. 


rdedigek  : 
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The  fact  that  all  bnt  one  of  the  clergymen  that  answered  had 
passed  through  periods  of  reconstruction  is  no  doubt  signifi- 
cant, and  it  is  to  be  regretted  that  all  did  not  supply  data.  It 
may  be  equally  sim^ificant  that  none  of  the  busiuess  men  an- 
swenng  bad  experienced  recoDstiuction.  but  three  replies  is 
manifestly  too  small  a  number  to  bear  much  weight. 

Fifty  blanks  were  also  sent  to  Wisconsin  high  school  teach- 
ers, but  with  an  unstamped  return  envelope,  Nine  replies 
were  received,  as  K>vea  iu  the  table.  I  wish  now  that  I  had 
slamped  the  envelopes  so  as  tu  make  the  data  more  nearly 
comparable  with  those  from  the  clergymen  and  from  the  busi- 
ness men.  The  fact  that  my  supply  of  blanks  gave  out  (6oo) 
made  it  impracticable  to  extend  the  distribution. 

The  miscellaneous  group  comes  frx^m  two  city  superintend- 
ents Bud  from  a  friend  at  Columbia  University.  To  the  super- 
intendents, who  had  expressed  a  willtuguess  to  assist  me  by 
submitting  the  blanks  to  their  high  school  teachers  and  their 
grade  principles,  I  sent  25  to  one  and  75  to  the  other,  and  re- 
ceived In  return  5  and  12  respectively.  The  remaining  five 
relnrus,  collected  by  the  friend  above  mentioned,  came  from 
people  that  were  neither  teachers  nor  graduate  students.  Of 
five  requests  for  assistance  sent  to  university  people,  only  one 
brought  a  favorable  response. 

The  data  of  Table  V  were  obtained  under  stich  a  variety  of 
conditions  and  the  numbers  in  each  group  are  so  small  that 
little  can  be  inferred  regarding  selective  influences.  They  do 
indicate,  however,  that  reliable  questionnaire  data  can  be  ob- 
tained only  under  exceptional  conditions,  such  as  were  mine  at 
Columbia  University.  In  addition  to  returns  from  friends  and 
acquaintances,  one  must  be  able  to  get  people  in  groups,  such 
as  are  afibrded  by  school  or  college  classes.  But  even  then  it 
takes  no  less  pains  to  gather  reliable  data  by  means  of  the 
questionnaire  method  than  by  any  other  legitimate  method. 
That  reliable  data  may  be  gathered  tn  certain  departments  of 
psychology  by  means  of  the  questionnaire  method,  supple- 
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mcntcd  by  correspondence  and  personal  interviews,  is  borne 
out  by  the  results  obtained  by  Galton  and  others.  The  method 
does  not  apply  everywhere  in  psychology,  but  neither  does  any 
other  method  apply  everywhere.  Taking  it  for  granted  that 
the  snbject  of  this  study  whs  worth  investigating,  by  what 
other  method  could  this  hare  been  done? 

The  reliability  of  measurements  based  on  such  methods  as 
'right  and  wrong  cases'  aud  'average  error'  may  be  calculated 
mathematically,  but  this  is  not  so  readily  done  with  question* 
naire  data.  Oue  may  obtain  the  respondent's  own  degree  of 
confidence  in  bis  answers,  but  just  what  Ibis  is  worth  is  not 
known  ;  and  one  may  get  him  to  repeat  his  answers  after  he 
has  forgotten  how  he  answered  on  the  former  occasion,  and 
then  compare  the  consistency  of  the  results.  lu  fact,  one  as- 
pect of  the  reliability  of  a  person's  answer  might,  and  should, 
be  extensively  investigated  by  the  second  method  suggested. 
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On  the  accompanying  questionnaire  the  request  was  made  of 
the  person  answering  to  indicate  his  degree  of  certitude.  He 
was  requested  to  mark  his  an.«twers  A,  B,  C,  or  D.  according  as 
lie  was  sure,  fairly  sure,  in  much  doubt,  or  makiug  a  raodom 
guess.  The  data,  in  probably  a  too  much  condensed  form,  are 
given  in  Table  VI.  As  tar  as  certitude  was  indicated,  it  is 
of  an  unexpectedly  high  degree.  Comparatively  few  answers 
were  marked  C  or  D.  Under  Topic  I  all  the  Cs  and  63^  of 
the  B's  were  given  by  members  of  CtaKses  I  and  II,  those  that 
had  experieticed  no  pronounced  transitions.  The  degrees  of 
certitude  of  the  separate  questions  under  the  other  topics  were 
also  not  distributed  in  equal  proportions. 

On  the  average  approximately  half  the  answers  were  left 
blank  as  to  certitude.  About  ten  per  cent,  of  these  I  investi- 
gated by  means  of  personal  interviews  and  found  that  nearly 
all  felt  certaiu  and  wished  their  answers  to  be  marked  A.  Only 
two  asked  to  have  theirs  marked  B.  I  received  the  impression 
that  when  people  are  certain  they  feel  that  they  need  not 
Indicate  that  fact. 

Before  the  questionnaire  was  printed  in  the  form  in  which  it 
was  used,  a  trial  copy  was  prepared  and  mimeographed.     This 
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varied  but  little  from  tlie  fonn  that  was  used,  and  was  answered 
by  twenty  seven  persons  that  later  also  answered  the  printed 
copy.  The  influence  of  memory  from  the  first  to  the  second 
report  was  slight  because  au  interval  of  two  months  elapsed  be- 
tween the  two,  and  none  of  the  people  ex[>ected  to  have  the 
blank  submitted  to  them  again. 

Comparing  the  answers  in  Topic  I,  i6  of  the  27  were  alike 
In  the  two  rettirns,  6  had  checked  adjacent  classes.  1.  e.,  they 
bad,  for  example,  moved  from  Class  I  to  Class  II,  or  vit< 
Versa,  and  5  had  checked  in  such  a  way  that  the  two  relarns 
seemed  clearly  discrepant  But  when  the  answers  to  Topics  II. 
Ill  and  IV  were  compared  the  discrepancies  between  the  two 
returns  were  quite  inconsiderable.  Practically  the  same  ex- 
periences of  doubt,  depression,  elation,  religious  experience, 
etc.  were  indicated,  and  the  causal  influences  mentioned  were 
also  nearly  the  bame,  diffciiug  only  in  minor  details.  This 
suggested  to  me  that  the  answers  to  the  detailed  experiences 
called  for  under  Topics  II,  III  and  IV  were  more  reliable  than 
the  classification  of  those  experiences  called  for  by  Topic  I. 
This  proved  valuable,  for  it  justified  me  in  a  few  instances  in 
placing  the  respondent  in  a  diSerent  class  from  the  one  he  bad 
himself  indicated.  In  a  few  returns  the  answers  under  the 
later  topics  clearly  showed  that  the  wrong  class  was  checked 
nndcr  the  first  topic.  Wherever  passible,  however.  I  consulted 
tbe  person  that  supplied  the  data  before  making  a  change. 
These  consultations  confirmed  the  suggestion  that  the  answers 
to  the  later  topics  were  more  reliable  than  those  to  the  first. 

Under  the  sjiace  for  the  respondent's  signature  were  placed 
these  words:  "If  signing  would  keep  you  from  answering 
frankly,  do  not  sign."  Eight  and  one-half  per  cent,  of  the 
men  and  14  per  cent,  of  the  women  did  not  sign.  Most  of 
these,  however,  were  members  of  a  large  class  in  which  the  in- 
structor called  especial  attention  to  tbe  fact  that  ihe  signature 
wonld  not  be  neces-sarj-.  There  was  very  little  spontaneous 
tendency  to  withhold  the  signature. 
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problemsof  hnman  life;  no  work  of^it*  author  exhibit*  so  clearly  the 
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perhaps  unsettled.  Was  Spinoza,  as  hia  outempoiarics  geucrally 
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apparently  contradictory  paiisa^s,  such  as  Bth.  II,  3,  where  it  is  said 
that  "Id  Cod  there  is  necessarily  an  idea  aa  well  of  his  esscuce  as  of 
all  things  that  uecesearily  result  from  bis  essence,"  and  Eth.  I,  17, 
Scbol.,  where  an  intellect  and  will  like  ours  arc  expressly  denied  to 
God.  Professor  Powell  shows  considerable  skill  in  dealing  with  the 
difficulties  raised  by  the  amhignities  in  Spinoza's  language,  his  ip'eat 
principle  in  explaining  away  the  apparent  implications  of  conscioas. 
uess  in  God  in  such  paft»a>{cs  as  the  first  ht-re  referred  to  being  that 
of  accomtnodalion  to  scholastic  modes  of  expression.  lie  carries  this 
principle  so  far,  however,  as  to  make  it  difficult  to  exonerate  Spinor.a 
from  the  charse  ot  deliberate  deception.  If  Spinoza  was  no  mystic, 
hla  system  is  certainly  a  stupendous  mystification.  Bnt  if,  as  the 
author  hna  so  well  shown.  Spinois's  thought  is  full  of  contradictions, 
why  not  Include  his  theism  and  mysticiaoi  with  the  rest? 

Opinions  naturally  differ  as  to  the  best  method  of  introducing  coU 
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Irge  stodcuu  to  the  study  of  pbilosopb)-.  Id  a  ilUcipUne  which  de- 
pcnH»  30  Much  /or  its  success  on  the  personaltt}"  of  the  teurbcT  a.% 
well  sa  on  the  character  of  the  »tudeat  and  the  conditiouc  of  the  cur- 
ricaluni.  there   is  probably  no  'best'  method.     Id   the  view  of  the 

{treseuE  writer,  there  is  so  better  approach  to  the  pioblemi  of  rcfiect- 
ve  ihinkiDK  than  through  a  eympathetic  study  of  the  history  of 
Greclt  pbilofloi^by.  It  is  impossible,  however,  to  read  Professor  Fnl. 
IcrtOD's  excellent  "IntroductloD  to  Philo§ophy"  without  recognizinB' 
the  tnaoy  advantages  of  bis  method  of  approach,  especially  when  ubcS 
as  a  sapplctnent  to  the  historical.  The  ananKement  of  topic*— the 
general  nature  of  tihilosophy,  the  problems  o(  the  external  world,  the 
problems  of  the  miud.  the  varions  types  of  philosophical  theory,  etc. 
— is  admirable,  and  the  distribation  of  the  material  well  balanced. 
Particularly  to  be  remarked  is  the  skillful  way  id  which  Profesnor 
Fullerton,  ttartiDK  with  tbc  assumptions  of  the  plain  maD,  leads  the 
stadcnt  into  the  inlricacjes  of  the  problems  aa  they  appear  on  mature 
reflection.  His  own  views  are  expoouded  and  defended  with  energy 
and  exemplary  clearness,  and  many  of  these  the  teacher  of  the  liook 
is  likely  as  viRorouHly  to  combat;  but  the  significant  thing  Is  that 
these  views  are  presented  with  a  singular  fiecdoui  from  duKniatutcn 
and  that  the  student  is  everywhere  stimulated  and  encouraged  to 
think  (or  lijmscll.  The  book  is  the  ripe  prodnct  of  many  year*  of 
successful  teachiuf;,  aud  for  purposes  of  iuatructlon  is  easily  amoDK 
the  very  best  of  its  class. 

From  an  iutro^luction  for  bcKinoers  we  pass  tu  Orinobd's  "Concepta 
of  Philosophy"  to  an  elaborate  treatine  capable  of  tasingj  the  paiieDCe 
and  thought  of  the  most  advanced  philosophical  student.  The  work 
show3  the  same  high  qnaliticK  ol  ^nsp  ami  penetration,  of  originality 
and  couservatism,  as  the  author's  earlier  volume,  "The  FouudaliouB 
of  Knowledge;"  here,  as  there,  the  thought  is  always  Independent, 
thorough  and  jwinstaking,  iiioviag  leisurely  and  untrammelled  in 
wide  open  spaces.  Ormoud's  point  of  departure  is  the  opposition  of 
■clence  with  Its  mechatiirAl.  and  metaphysics  with  fts  telrological 
catcgorica.  Beginning  with  an  analysis  of  the  most  general  concep- 
tions underlying  respectively  the  Hcieutilic  and  phuosopbical  con- 
slmctionsol  experience,  he  then  proceed*  synt helically,  by  a  sncceg< 
sivc  advance  (roiii  the  phyiiical  to  the  HOcial  ami  thence  I"  religion,  to 
lay  the  foundations  for  a  final,  unified  interpret.* Lion.  He  weks  to 
show  that  the  concepts  and  methods  of  physical  science,  while  ap- 
plicable tbroQgbout  the  whole  range  of  experience,  are  inaileqnate  tO 
the  dcniaDds  of  synthesis  which  arise,  with  increasing  urgency,  as 
we  atccnd  the  scale  of  tbc  sciences,  and  that  they  point  to  their  trao- 
BCendence  in  roetaphynio,  which  subordinaiteo  the  mechantcnl  to  the 
teleological,  and  in  religion,  in  which  the  unity  requireil  is  complete. 
By  this  method  a  system  is  constmcted  which  carries  to  its  conclusion 
tlie  'Copertiican  rerolutiou'  initiated  by  Kant,  the  central  contention 
being  that  the  fundamental  reality  is  'conscionsncM,'  the  energy 
which  is  awnrc  both  of  itself  and  of  its  object;  ultimately,  the  appeal 
is  to  an  'eternal  consciouaness.'  Bnt  the  unification  of  truth  de- 
manded by  pbilosopfay  requires,  it  is  held,  not  only  the  synthcsia  of 
•cieucc  Btid  metaphysics,  but  also  the  syntlieais  of  knowledge  aad 
belief,  aud  this  final  syntbcsis  is  an  act  of  will,  llcuce  God,  freedom 
and  immortality,  to  which  theoretical  considerations 'point,' appear, 
la  the  end,  as  practical  postulates. 

The  idealistic  constrnction  of  experience  is  carried  ont  in  a  atill 
more  rigoronft  fashion  by  Professor  J.  B.  Bafllie,  of  the  University  of 
Aberdeen.  His  method  is  the  method  of  llegrl,  and  bis  argument  a 
free  reproduction  of  the  argument  of  the  'Pheaoweoology  of  Spirit.' 
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He  seeks  to  show  (O  tbU  esch  i>hue  of  experience  embodies  Id  a 
specific  way  tbc  onv  spiritunl  principle  that  aaimatcs  all;  <i)  tbait 
tach  is  ilistiact  from  tbe  other  simply  by  the  way  it  cmbotlicB  this 
principle;  (3)  that  each  is  related  to  the  others  ntid  to  the  whole  In 
virtue  of  its  ic-Alizinti;  the  pnncipir  wuh  a  ccrtam  dcgrrc  of  complete- 
11CS-9 ;  (4)  that  the  whole  of  expcricDrc  is  a  ncccs&ary  evolution  of  the 
one  prluciplc  tbrou^L  various  forms  logically  conuected  as  a  »cries 
mAoifestioK  the  j>riDciplc-  The  main  stsffcs  of  the  dcvelopmeot  arc, 
first,  that  in  which  the  individual  subject  is  conscious  of  objects  as 
prima  Jatie  outside  the  subject ;  second,  that  in  which  it  is  coo«cioua 
of  *«If  as  othrr  than,  aud  yet  implicitly  ouc  with  ihp  suSjrci;  and 
tbird,  that  in  which  all  scsae  of  otherness  is  overcome  and  self  and 
subiect  are  transparently  one  (p.  134).  No  instructtd  reader  can  well 
deoy  the  force  and  (asciuation  of  the  method.  Ii  'ftilopt*.'  if  one 
chooses  to  say  so,  the  principle  it  Hceks  to  dcmonstrute.  but  it  docs 
this  in  no  arbitrary  wa> ,  for  the  principle  is  not  external,  one  to  vrbich 
expenence  has  (o  befitted,  but  immaneat ;  experience,  in  other  words, 
esBCOttally  involves  some  sort  of  unity  and  relation  of  subject  and  ob- 
ject. The  difficulty  lies  in  conuectnig  its  various  phases  without 
mutilating  any  one  of  them,  and  in  showine  that  the  postulated  unity 
is  a  rcaUy  constitutive,  and  not  merely  an  ideal  or  ref;ulalivc  principle 
of  the  whole.  Professor  Baillie  has  done,  perhaps,  all  that  ran  rea- 
sonably be  expected  to  make  the  principle  clear.  The  pra;^mnt.ist  who 
rcj^ards  the  unity  of  experience  as  couGned  to  the  individual  experi- 
ence from  moment  to  moment  will  not  be  convinced,  but  he  can  hardly 
aSord  to  ignore  Frofcsaor  Baillic's  sympsibctic,  but  pcDctrating.  criti- 
cism f  pp.  10-35). 

Mrs.  Cabot's  instructive  and  weiUwritten  work  on  "Everyday 
Btbics"  oiay  be  heartily  commended  to  teachers  in  secondary  schools 
who  arc  looking  for  an  experienced  ((uide  in  the  dcvelopmcntof  moral 
CODSciouaucBs  iu  tbeir  pupils.  Tbe  tiook  is  the  outcome  of  years  of 
•xpcricncc  with  tbe  minds  and  needs  of  just  nuch  pupiU.  It  avoids 
technical  and  abstract  discussion*  ami  deals,  in  a  live  way,  with  tbe 
protileiuft  in  which  pupilaoi  the  hijth  school  a^eare,  or  cau  readily  be 
made,  iutcrestcd.  Its  central  ethical  doctrine  is  that  duty  is  fonnd 
in  fidelity  und  efficiency  in  one's  chosen  vocation,  that  "out  of  loyalty 
to  our  chosen  work  spriuKs  all  moral  life."  Added  to  the  main  body 
of  the  text  is  a  key  to  teachers,  containint;  many  excellent  boKRestions, 
numerous  questions  and  additional  illustratious. 

Smith  College.  H.  N.  Gakdinkk. 

Tkt  KUmtmls  of  PiycMology.  by    Sdwaro   L.   Tuurmijikk.     A.  G. 
Seller,  New  York,  1905.     pp.  xix,  J51. 

Ah  Introduction  to  the  Theory  0/  Mentti  and  Social  Measuremenit, 
by  tSnwARD  L.  TnoRKDica.    The  Science  Picas,  New  York,  1904. 

pp.  xil,   313. 

The  aim  of  The  Elemenli  0/  Psychology  is  "to  help  students  to  learn 
tile  general  principles  of  psychology."  The  volume  is  "designed  to 
serve  as  a  text-book  for  students  who  have  had  no  preHous  trainiae 
in  psychology,  who  will  not  in  nine  cases  out  of  ten  take  any  consid- 
erable amount  of  advanced  work  in  psychology,  and  who  need  pny- 
ehological  knowledge  and  insi{{bt  to  fit  ihcm  to  study,  not  tbe  apecial 
theories  of  philosophy,  but  the  geueral  facts  of  human  iiatnre."  The 
book  ia  divided  into  tlirce  parts  (Descriptive  Psychology,  Physio- 
logical Basis  of  Mental  Life,  and  Dynamic  Psychology),  an  Introduc- 
tion and  a  Conclusion. 

Tbu  Descriptive  Psychology  (Part  I)  is  a  modified  abstract  of 
James's  Iftc  Prindpiei  0/  Psychology.    It  gives  a  general  account  of 
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'mental  tUte*,'  'thougbu,'  mad  'feeling*,'  with  ■  final  chapter  on  the 
'fnnctions  of  mental  states.' 

Part  II  is.  with  tbe  exception  of  chapter  xi.  nenroltwica].  It  gives, 
in  term*  of  the  Denroae  tlieory,  the  principal  struct  urafand  (onctional 
cbai  act  eristics  uf  the  central  nervous  system  and  of  the  senile  organs. 
This  Kctionof  theh<X)k  is ahnndantly  (even  saperflnoasly)  illustrated 
from  staadard  nvtitoiogtcal  texts. 

Dynsmtc  Psychology  (Part  III)  is  defined  as  the  "science  of  the 
mind  in  actinu."  It  has  to  do  with  "tbr  tacts  and  laws  which  deter- 
mine what  any  human  being  will  think  and  feel  and  do,  how  he  will 
leara,  why  he  will  misunderstand,  when  he  will  be  interc»tc<l,  what 
baMts  he  will  foriu.  lo  what  nort  of  intellect  and  character  h^  wilt 
attain."  This  'Hcicnce,'  a»  it  appears  in  th«book  under  consideration, 
•bows  the  impress  of  modern  biology,  both  of  the  descriptive  and  of 
thestntistical  type.  Its  emphasis  falls  upon  'instincts'  and  'capad- 
tiea,*  'native  aod  acquired  tcodei>ci«a,'  'inborn  cooaectioos,'  and  'stta- 
•tioofl.' 

It  lii  clear  that  dynamic  psychology  is  one  form  of  the  psychology 
of  reac'tiunism.  Itsintcrei:t  in  cOQM:iou«Dess  maY'lmost  hv  vaid  1ol»e 
lucidenlai.  Dynamic  psychology  is  the  psychology  of  'behavior,'  of 
'conduct,'  of  'human  life.'  It  is  concerned  with  conic iousnesn  only 
in  BO  far  aa  conscioasncss  is  linked  to  atimolas  and  to  organic  move- 
ment; only  in  so  far  as  it  is  a  factor  in  adaptation.  It  studies  the 
'fanrtion'  of  thoughts  and  feelings,  and  "the  functioa  of  thoughts  and 
feelings  ....  is  to  tnducoce  actions"  (t.  f.,  movements).  Emphasis 
is  accordingly  laid  upon  three  sets  of  connections:  connections  be- 
tween stimulns  and  cnnsriousiiess,  connections  between  one  thought 
or  feeling  and  another,  and  connections  between  coDsciousness  and  or- 
ganic movement:  in  the  author's  terms,  connections  of  impression, 
■asociation  and  expression.  Bacb  of  these  may  be  further  divided 
into  original  (nnlearned)  and  acquired  (learned)  connections  or  ten- 
dencies to  connection  (six  sets  in  all). 

Now,  by  a  liberal  interpretation  of  the  venerable  principle  of  asso. 
ciative  relationships,  dynamic  psjcbology  proceeds  to  state,  in  the 
form  of  'laws,'  the  cimditioiiM  under  which  the  six  kinds  of  councction 
are  realized;  t.r.thewayln  which  (t)  stimulus  leads  (undrr  naiivc 
and  acquired  tendencies)  to  con»cloasness,  (3J  consciouuiesft  to  con* 
sciousness,  and  (3)  conHciouaness  to  niovwnient. 

Since  it  is  in  itieve  'laws'  thut  Professor  Thorndike's  dynamic  psy> 
cbology  comes  to  its  chief  issue,  it  t«  perhaps  worth  while  to  innuire 
whether  the  formulatioiix  In  question  really  preiierve  (in  spite  of  the 
gfeneroQs  use  of  capital  letters)  the  dignity  and  the  significance  of  the 
•cientlfic  law.  They  are  In  fcalltjr  rules; — not  laws,  either  in  the  sense 
that  they  state  invariable  connections  uf  antecedent  and  coiiiieqnent  or 
as  predictive  anticipatiuns  of  fact.  As  descriptive  expressions  of  the 
depcnilence  of  a  phcnotnenon  upon  an  indefinite  numhtrof  heterogene- 
ous factors  whose  values  are  uncalculatcd  «ud  whose  moiick  nf  rombi- 
nation  ar«  uolinown,  these  'laws'  (especially  the  "enlire  Law  of  Atcso- 
ciation")  are  the  connterpnrl  of  the  glitlcring  generality  of  common 
sense.  Formulntionx  of  thiK  kind  nrr  iniprensivi?,  and  tlictr  in<leternii> 
nate  nature  saves  them  from  refutation;  but  their  usefulness  to  science 
Is  uncertain  and  their  effect  npon  "the  naive  student"  unfortonate. 

Even  if  the  formulas  is  question  were  proper  psychological  laws, 
the  alill  more  fundamental  objection  might  be  raised  that  tbey  are. 
from  the  point  of  view  of  mind,  cxtcrnsi  and  snperticial.  They  refer 
cither  to  the  organic  couditious  and  couscqacnccu  of  consciousness  or 
to  the  'secondary'  factors  in  the  successive  or  linked  association. 
Thia  crude  uac  of  association  in  psychology  is  surely  obsolescent  and 
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tboolil  be  obiolete.  Tbr  more  refined  analytic  metboda  long  ago  dia> 
carded  it.  Tbc  biological  rcbabilitation  of  tbe  text  obscures  bat  does 
aot  conceal  the  stock  priticlple  oE  association bm. 

I  have  dwelt  upon  tbc  antboT's  aasoctative  connections  botb  becsute 
tfa^  fnralsh  tbe  oasis  and  eu pentractnre  of  tbe  Dynamic  Peycholo^ 
and  becaose  they  illntitratc  at  once  the  weakness  and  the  strcugtb  of 
tbe  point  of  view,  Tbc  author's  method  is  tbc  oietbod  of  Rross  anat- 
omy; the  method  that  regards  conscionsncss  aa  a  whole,  that  calls  it 
a  stream,  notes  its  rate  and  voluiue,  its  fascinating  evolutions  and 
metamorpbOBCB.  its  mnltifold  relations  to  objects,  to  tbe  processes  of 
knowledge,  to  conduct,  to  the  physical  organism;  and  that  contcnta 
itself,  on  tbc  side  of  aualysis,  by  distaut  rcferenee  to  'fcelmi^a'  and 
'tbouKhts.'  Whenever  it  comes  to  cross-seclioo,  to  careful  scrutiny 
of  the  snap-shot  picture  of  mind,  to  the  histologics!  analysis  of  the 
individual  tlioiight  or  feeling,  there- — uuleas  its  champion  happens  to 
have  a  gift  for  iutrospcctirc  subtleties— the  method  balks.  Cousider 
the  work  under  review.  Problems  of  the  first  sort  are  treated  with 
competence:  problems  calliug  for  histological  treatment  are  cither 
avoided  or  drawn  iu  caricature.  Take  tbe  subject  'sensation.'  Tbe 
seasation  of  the  laboratory  is  scarcely  mentioned,  and  the  author, 
realizing  that  "definitions  mnst  be  rough"  (and  apparently  they  may 
be,  since  tbe  reader  is  tbe  "naive  stadeot"))  actually  confuses  tbe 
acS9ation*cleuieut  with  Feebner's  sensation- magnitude  atid  with  Miiu- 
sterberg's  seDSatiou-Htom!  Similarly,  stimnlu«  is  defiued  in  two 
loconsisteat  ways  (17  and  aS);  and  fasioii  and  colligation  are  gravely 
■aid  (in  a  T4-liac  account  of  "the  constitution  of  percepts")  to  be 
combiuationa  ol  "brain  processes."  Again,  it  is,  in  the  reviewer's 
opinion,  doubtfnl  whether  a  stadent  who  bad  been  'introdnced'  to 
psychology  through  the  /i/eiten/s  could,  on  ucratdon,  give  an  intelli- 
gible definition  of  the  terms  'mental  slate,*  'thought'  and  'feeliug  ;'  — 
could  tell  whether  the  terms  were  synonymous,  whether  a  mental  state 
is  a  gruup  ol  fecliuf^ii  cir  thoughts,  or  whelhrr  a  thought  is  a  [>nrticular 
kJQuof  feeliug  or  meuUl  state.  Action,  rmally,  oners  a  glaring  in- 
stance of  the  lack  of  Analytic  insight  Into  [he  constitation  of  mind. 
The  dynamics  of  action  lit  chiefly  iatereatcd  in  the  way  In  which  feel- 
ings lead  up  to,  and  issue  in,  moTemeuc.  Tbe  very  term  action' has 
entirely  tost  its  psychological  meaning  and  Implies  simply  mnscular 
contraction  and  itK^Kidily  rcsnltn.  The  whole  problem  of  action,  con- 
sidered as  a  matter  of  consciousness,  is  mJsied,  or.  at  most,  it  emerges 
in  such  booties*  form  n«  the  contention  that  movement  image*  are 
rare  antecedents  of  voluntary  action. 

When  an  author  has  succeeded  in  writing  a  text-book  that  Is  at  once 
jutereating  and  Impressive,  a  book  of  high  pedagogical  mtnt  and  of 
clever  arrangement  of  fact  and  principle,  ol  lostitnce  and  illustration, 
detailed  criticism,  UHpecially  of  the  negative  sort,  is  apt  10  appear 
captious  if  not  carping.  Apart,  however,  from  the  demands  ol  the 
acietice,  the  critic  Bnds,  in  a  case  tike  tbe  proient,  ample  juatificalion 
(or  his  itrictures~if  nowhere  else — In  "tbe  right  of  the  student  .  .  . 
to  demand  a  fair  representation  of  tbe  acleoce  as  a  whole"  (preface, 
iwge  x ). 

In  his  book  on  tbe  Theory  of  Meotal  and  Social  Measurements,  Pro- 
fessor Thorndike  "has  had  in  mind  the  neeitsof  studentaof  eronomics, 
•ociology  and  education,  possibly  even  more  than  those  of  students  of 
psychology,  ptue  and  aimpte."  The  book  pre.unts  In  an  interesting 
and  simple,  if  not  systematic,  wav  the  principles  and  methods  em- 
ptovcd  in  the  modern  science  of  biometry.  "The  present  writer  has 
found  the  volnmc  serviceable  for  occasional  reference  and  for  the  col- 
lateral use  of  students,  both  in  psycbopbysic*  and  in  the  statistical 
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»tu&j  of  psjrcboloKicaJ  problems.    Xt  rootsisa,  to  sa  appeadtx.  cott- 
▼cntcat  t*blM  for  arithmetical  compnUIioDa. 
Coroell  UatverMty.  I.  M&Daon  BkhtLKV. 

Staipieren  und  Shmiitke  JCrUgsgeirimt^  in  Amtrika,  voa  CboKC 
FarXDSaiCI.  Vicrweg,  with  map.  Br*nn9ch weig,  1906.  pp.  170. 
tn  tbU  tnonogniph  nf  cbaracteHalic  Oerman  exluinstimieaa,  the 
anthor  dt»ctu«c«  the  elvmology  of  the  wonl,  scalplofc,  aitd  givea  ha 
historj-  from  Hefodotot'to  tbe  pireteoi  time.  Althoogta  it  A^A  occor 
iu  iititif|u:t]'.  It  »eein*  to  hare  cmnpletrly  vaniabnl  in  Bnrope,  wbtle 
head  trophies  or  aomctimex  other  parts  of  the  \>v\y  that  were  cat  oS, 
took  its  place  ai  cv^'eDcr-*  of  victory  in  var.  Sralp(ag[  is  KueoltallT 
a  cbaractertiitic  tro>]ihf  ol  the  New  World,  and  in  an  interenling  colored 
map  the  author  sbowa  how  it  probably  originated  amoog  the  ladiana 
of  t!ie  fastem  part  of  .America  altbongb  it  bad  probably  an  independ- 
ent origin  in  a  much  amaUrr  *i«it  in  Cenlml  South  Africa.  In  Amer* 
ica,  it  ipread  westward  from  the  region  of  the  Great  Lake»,  north  to 
HadMin  Bay  and  west  to  Ibe  Rocky  Honntain*  and  Konth  to  Uexieo 
and  l«ter  nearly  to  the  PitciSc  Coaat-  Otef  nearly  all  of  Afrioi,  in 
Ceutral  Mexico  and  the  Pacific  CoaJt,  It  oecnned  occasionally, 
although  in  tbla  latter  region  heads  were  often  used  as  tropblea. 

Folkways,  a  iiudy  of  the  loaolorical  importanee  of  usages,  manners, 
ntsloms,  mores  and  morals,  by  wiluam  Gilabam  Schnkr. 
Gioa  St  Company,  Boston,  1907.  pp.  693. 
This  book.  In  both  its  plan  and  presentation,  reflects  the  vigorous 
and  unique  pcnonatily  and  the  power  of  original  thought  of  its 
author.  He  brtt  charactctizcs  mores,  then  the  ^truKlfle  for  existence, 
labor,  wealth,  aocieta)  selection.  slsTefj.  abortion,  infanticide,  killing 
of  the  ol<l,  cannibalism,  then  passes  to  sexual  mores,  and  mRrriage 
institutions,  social  codes,  incest,  kinabip,  blood  revenge,  prinillive 
justice,  peace  unions,  nuclcauueas  and  the  evil  cje.  points  oat  how 
mores  can  innke  anytbiiig  right  and  prevent  condemnation  for  any- 
thing. In  illuBtraiion  of  this,  be  characterizes  sacral  harlotry  and 
child  sacrifices,  then  passes  to  consider  popular  sports,  exhibitions, 
(Irsina,  asceticism,  education,  biotory.  life,  policy  and  virtue  versus 
success.  He  uses  the  I^atin  word  mares  to  designate  popular  usaecs 
and  traditions  when  they  include  a  )n<1f(menl  that  tbcy  are  conducive 
to  Kocictal  welfare  aud  exert  a  coercion  upon  the  inuJvidual  to  con- 
form lo  tbcm,  although  they  %re  not  co-ordinated  by  any  authority. 
lie  has  also  aougbl  to  biiiig'the  wo:ds  elkos  aud  ethology  again  ioto 
familiar  usage.  After  analyzing  folk  ways,  be  attempts  to  justify  this 
process  by  a  series  of  iilnstratious.  and  opines  that  this  in  order  to  be 
successful  must  go  into  details.  These  of  course  are  immense,  so  that 
be  can  only  select  those  deemed  most  fit  from  a  larger  array  of  facta 
which  were  used  in  forminj;  bis  generalizations.  Indeed,  the  original 
plan  of  Ibe  book  baa  been  cudailcd,  for  he  intended  to  includedemon- 
ism,  primitive  religiifu  and  witchcraft,  the  status  of  women,  evoln- 
tion  and  the  marei,  naury,  gambling,  societal  organitatious  and  classes. 
moTluary  ubsgcs,  oaths,  tiilHHJti,  ethicit,  acatbetics  and  democracy. 
The  first  four  of  these  we  are  glad  to  know  are  already  written.  The 
index  is  deserving  of  special  commendation. 

The  Kdfirs  of  Ike  Hindu-Kush,  by  StR  Grorck  Scott  Robbbtsoh. 

Illuftirnted  by  A.  D.  McCormick.     Lawrence  &  Sullen,  Londoo. 

J900.     pp.  65S. 
This  new  edition  has  been  rc-cdited  and  reconsitructed  as  Indeed 
historic  needs  made  necessary,  if  it  was  to  be  brought  to  date.    Since 
the  first  edition  appeared  In  1897.  the  whole  of  Kafirtstau  has  been  coa< 
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eolidateil.  Moflem  iui»slou«ri«>  tiavebeeo  niMUu:r«d,  aod  •Dmetimcs 
bnrbArouii  cxe^attons  are  thought  to  be  mare  deterrent  to  violent  and 
prcilxtorj' crime*  than  the  cndtcM  haiiKitigft  and  life  inipriMinttimt 
which  cliaractcrue  the  Dritlih  goverumeut  of  luilia.  Moslem  misflion- 
(kiic»  tlo  not  worry  nor  exASperate,  but  take  planlic  boys  ttt  Kabul  aud 
make  them  lealoua  followern  of  the  urcAt  prouhct  uf  ArabiH.  The 
fexvor  of  proselytes  is  vtoverbially  without  limit.  Wtiaicver  the 
future  of  this  land,  it  will  not  change  its  religion,  (or  licr«  the  Kafirs 
havclwcoine  .Shetkli».  In  enii^rgenciea  the  oM  heathen  ritenwill  crop 
op  again,  but  the  couuuy  Is  now  Moliammedau. 

Weird  Tales  Jrvm  Norikfrn  Seas  from  Ihr  Danish  of  Jonas  Lie,  by  R. 
Nlhbst  Bain.  With  twelre  itlustrations  by  Laurence  Honsman. 
Kcgan  Panl,  Trench,  Triibncr  &  Co.,  Ltd.,  l*ondou,  1893.   pp.  aoi. 

This  book  consists  of  eleven  tnles  ifaD«)ate(t  from  the  DauUb  of 
Jonas  Lie  whose  work  has  long  been  well  known  to  all  interested  In 
aocU  thcmca.  He  is  beat  where  he  telU  thr  weird  lefrendaof  his  native 
province,  Nordlsud,  in  which  he  wa.i  him«clt  brought  up.  The  folk- 
lore of  these  lonely,  subarctic  tracts  is  in  keeping  with  ibe  savagery 
of  nature.  Elves  Bod  gnomes  are  rarely  friendly,  bnt  all  the  super' 
natural  beings  that  haunt  s«a  and  ahore  in  these  regtona  are  malig- 
nant, inalific.  hating  man  and  delighting  to  mock  bi»toil  and  aport 
with  bia  despair, 

HtHler  Kerkermauem;  Autobiogrophien  und  Selbsthektntnisse,  Auf- 
sSlif  unii  GeJichU  voh  Verhrechem;  tin  Beitrag  sar  Krtminal. 
psychologie.  vou  Johannks  Jasckb,  Mecklenburg,  Berlin,  1906. 
pp.  436. 

We  have  here  an  IntcresHng  and  nnlqne  rolumc  made  up  alnioat 
entirely  of  writings  of  prisonerx.  They  arc  classified  first,  as  auto- 
biographic or  confe^siouali  second,  those  desctibiuk:  ibe  cause  of  the 
crime,  or  the  criminal  propensity;  third,  those  expre;«ai[)g  the  medi- 
tatious  and  reflections  of  criminal*  lo  prison;  fourth,  religioua 
tbougfats;  fifth,  the  opinions  of  criminals  on  social  questions;  sixth, 
their  views  on  penology.  Many  poetna  are  inclnded.  The  author  is 
a  prison  chaplain  who  appears  very  little,  bnt  expresses  bis  most  em- 

Jhatic  dissent  from  the  conclusions  of  the  Lombroso  school.  He  even 
euics  thai  tbcrc  are  any  typical  varieties  of  criminals  or  tbat  there 
are  morphological  or  psychological  traits,  but  thinks  that  crime  ia 
essentially  a  proiluct  of  the  milteu.  Criminals,  be  insists,  show  the 
same  psychological  traits  that  others  would  show  under  like  condi- 
tions. Tlii«  opinion  he  hnscs  n;x7u  fifteen  ycarsexpcrieuce  with  them. 
These  usycho logical  documents  certainly  give  a  most  interesting  iuncr 
view  of  tiic  souls  of  a  class  of  people,  knowledge  of  whom  ia  com- 
tDonly  s  book  of  seven  seals. 

Woman,  by  Bernard  S.  Talmky.  The  Stanley  Press,  Chicago,  1906. 
pp.  738. 

This  book  is  written  by  a  gynecologist  and  is  designed  for  pbysldana 
and  students  of  medicine.  In  the  introdnciian.  we  have  thirteen  brief 
chapters  of  pbalt:i:i!>m,  prudery,  results  of  silence,  love  and  paasloo, 
etc.  Then  follows  the  evolntion  of  >tez.  a  chapter  each  upon  anatomy 
and  the  phy»tol(igy  of  the  sesual  instinct  and  art.  Part  fifth  is  de- 
voted to  pathology  and  then  follow  three  larger  parts  ou  hygiene, 
paycholf^y.  anil  morality  respectively.  The  book  is  wrtttcn  with 
extraordinary  plainneas  and  with  little  attempt  to  beat  the  bush  in 
discussiog  dclksle  oiailcrs. 
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Man  and  Woman,  tkt  female  the  higher  type,  by  Wlixuil  T.  Bsi.- 
PISU).  E.  W.  Btoman,  Chicago,  1907.  pp.  iii. 
Hr.  Detfietd  is  well  known  a*  a  wHtcr  upon  the  pedigree  iini)  heted- 
iXy  of  the  horse  «ad  to  this  be  has  coatributed  mKDy  iaiportatil  and  val- 
aable  poiots.  la  tbU  pampblet  he  turns  his  attenttoQ  to  alirpieaUnre 
in  tlir  liaman  field  aod  discosne*  briefly  and  aphorislicaJly  such  topics 
at  puberty,  senility,  descent,  the  comparison  of  the  sexes,  uatneJess 
diseases,  etc.,  with  particular  reference  to  their  evolutioDnry  bearings. 

'Jhe  Inter-generation  Period,  by  CfiARLBS  H.  Chandler,     from  the 
Wisconsin  .\cadeniy  of  Sciences,  Arts  and  Letters.     Vol.  Xri,  pp. 
499.504.    Issued  in  October,  1899,  in  advance  of  the  Rcnetal  puba- 
catioa. 
The  author  examined  nearly  t6.ooo  date«  of  births  of  New  Bngland 
fstniiivs  and  fiudb  that  on  the  average,  the  jwiiod  ititervening  between 
anccessive  KeaetRtions  is  33K  years.    He  concludes,  after  a  summary, 
that  the  UKtee  nearly  complete  the  record  of  hirllis  in  each  generation 
and  the  greater  the  number  of  generations  inclndeil  in  the  examina- 
tion, apparently  the  greater  is  the  tendency  to  a  mean  period  of  one* 
third  of  A  century.   The  very  tngenion^gfajihtc  method  rcpre*eiitcd  in 
the  diagrami  it  of  itself  inierestins;.     The  fdctors  which  lengthen  the 
inter>generation  are  larve  families  and  marriages  in  which  the  woman 
is  much  younger  than  the  man. 

A  Study  0/ Longevity,  by  Charlka  K.  ChakduKk.     Reprinted  from 

tbe  Trnusactions  of  the  Wisconsin  Academy  of  Sciences,  Arts  and 

Letter*.     Vol.  XIV.  Part  I.     Issued  September.  1903,  In  advance 

of  general  publication,     pp.  56-^3. 

The  writer  has  b&sed   his  work  upon  the  records  of  eight  families 

extending  back  to  the  beginning  of  the  serenteeuth  century  and  con- 

taiutng  more  than  too.ooo  name*.      From  this  it  appears  that  there  has 

been  little  if  any  anin  in  respect  to  tbe  proportion  of  deaths  among 

young  children,     This  tbe  writer  aAcribet  to  the  increase  of  the  perils 

of  infant  lite,  due  to  growing   urban   population  which  balances  all 

hygienic  advance.    The  median  age  licems,  however,  to  be  advancing, 

which  indicates  s  decrease  of  death*  in  youth  and  early  maubood. 

This  permits  the  pessimistic  view   that  our   advance  in  overcoming 

disease  is  not  wholly  k  blessing  because  many  who  by  the  benc^ceni 

working  of  the  law  of  sur%'lvAl  of  the  (itteit  would  hsvc  been  removed 

early   in  life  are  now  preserved  to  become  the  progenitors  of  feeble 

offspring.    Then:  is  a  marked  decrease  in  tbe  proportion  of  people 

attaining  extreme  age,  despite  the  increase  of  the  average  leuuth  nf 

life. 

The  Roots  0/  Reality,  being  stiggeslions  for  a  philosophical  reconttrme- 

tion,  by  Ernest   Bklivkt    Baz.     £.   Grant   Kicbards,  London, 

I9f>7-     PP-33>- 

Starting  from  certain  poatnlates  united  on  the  consistency  of  con- 

sciousncsK,  the  author  attempts  to  touKh  hew  certain  indication!  of 

the  ilircction  in  which  fntiire  philosophic  constructions  mu»t  take 

place  if  llicy  are  to  be  even  relatively  ni!e<juatc  to  the  nerds  of  the  Up- 

tCMlate  pbilotophic  mind.   Tbe  author  is  fmnkly  and  fully  nn  i'lcalist, 

although  not  perhaps  in  the  fortti  in  which  iilvaliKm  bso  loomed   lar- 

?est  for  modern  thought,  but  he  seeks  a  more  adet^natc  formulation. 
he  chief  topics  are  the  general  problem  of  conscions  idealism,  the 
illogtiral  and  the  logical  a«  the  ultimate  clnnents,  the  individual  con> 
scioueneas .  reality,  true  and  higher  cousciousncss,  the  final  goal  of  all 
things  and  the  problems  of  tnelaphysics.  The  author  is  loyal  to,  and 
has  a  sabdominant  intercut  throughout  in,  sociological  problems, 
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Philoiephie  dtr  Unhelebten  Materit;  h^pothetiaclie  OsrstellDag  der 
ninlirit  ilrn  Stoffcs  uml  Mines  Bewef{aofCSKea«lz«9,  van  Adoi.9 
Stuur.     MU35  PitjUiea.     Burtb.  Leipzig,   1907.     pp.  418. 

In  1904,  tbc  BOthor  published  &  volume  eutiiled  Zur  Philosophi* 
de*  Umlouiea,  iu  which  he  developed  the  view  th«(  phytical  procc^Ac* 
could  be  sketched  betwceo  ihe  two  extremc«  o(  mono-  and  poly-ener- 
eeiica.  Since  then,  mach  rather  revolntionKry  ezpcHmeutal  woric 
ba*  been  dttn^  sml  a  very  atimulatinf;  theoret^ral  constructiott  pab> 
lUbed  by  Sahulks,  which  attem^U  to  explain  Kni%-jty,  molecolar 
enerRy.  heal,  light  and  electricity  in  a  purely  mecbnuical  and  atomis- 
tic way.  Slohr  differs  from  Sahnlka  in  assuming  thai  the  inipcuelra- 
bility  of  atoms  is  a  problem,  not  a  certainty,  ami  secondly,  he  has  a 
Tcry  diSercnt  formula  for  the  relation  of  tvra  atomn  in  action  upon 
each  other.  In  (general,  iiianiiiiate  matter  in  an  as:>n'<:gatc.  built  up 
of  elements  of  from  one  to  seven  orders,  with  varionw  vidrittioas,  timea, 
rotations,  etc.  As  a  whole  his  conclusioa  hardly  may  be  f«id  to  take 
too  Utile  cognizance  of  the  recent  excel  lent  work  done  on  ions. 

Th€  Periisltnl  /'robUms  n/  Phiiosotthy.  An  Introduction  to  mcta< 
physics  ttarongh  the  stu<ly  of  moilem  syatenia,  bv  Makv  WhiTqw 
CalKIXS.  M&cmillau  &  Company,  New  York,  1907.  pp.  575. 
Tbix  boflik.  the  author  frankly  tella  us,  was  not  written  to  lure  un- 
phllosuphical  i^tndeut)!  into  the  field. alihouKh  deBijKued  forbc^innerat 
out  is  an  attempt  to  combine  the  e»»ntial  features  of  a  systematic  in- 
troduction to  mctnphrkics  with  those  of  a  history  of  moiiem  pbiloso- 
pbr.  The  chnpiets  are  a»  follows;  The  nature,  tyi>es  and  value  of 
philoBOphy:  SvKtenis  of  numerical  pluralism;  Pluralistic  materialism, 
the  system  of  Hobbi-s:  Pluralistic  spiritualism,  the  system  of  l,cibnltz; 
Pluralistic  gpiritualiution,  the  syatem  of  Berkeley;  Pluralistic  phe^ 
nomeualistic  idealism,  the  system  of  Hume;  An  attack  upon  dnalism 
end  phenomenalism,  the  critical  philosophy  of  Kant;  Monistic  plural- 
ism,  the  system  of  Spinoea;  The  a^lvancv  toward  monistic  spiritaaliaiii, 
tbe  systems  of  Fichie,  Scfaeltlog,  and  Schopenhauer;  Monistic  spirit- 
nalism,  the  system  of  Hegel;  Contemporary  philosophic  systems,  the 
Uanc  between  plureiistic  and  monistic  peraoualism.  Appendix  con- 
sisiiug  of  biogra phicit  and  bibliography  of  the  moOern  rise  of  pbiloto* 
pby,  together  with  summaries  and  discnssionB  of  certain  texts. 

Pragmaiis*n ,  a  new  name  for  sof4  old  ways  0/ tkinliing.    fofiular 
Uctmres  on  philosophy,  by  WilUau  Jaubs.     Longmans.  Green  St 
Company,  New  York,  1907.     pp.  309. 
We  bare  Ht  litat  iu  this  volume  Professor  James's  exposition  of  prag- 
Qiatism.     He  discusses  what  it  meaus,  the  preseut  dilemma  in  philos- 
ophy, some  metaphysical  prohlems  pragmaiicaliy  considered,  the  one 
and  the  many,  pragmatism  and  common  ncuse,  pragmatism's  concep- 
tion of  uuth  and  relatioai  to  bnniani^m  and  to  religion.     The  form 
of  the  hook  is  eminently  popular  and   this  afiordii   the   author  an 
opportunity  to  bring  to  bear  bis  remarkable  aud  chartniuv  style  which 
is  always  engaging  and  captivating.     A  fuller  review  will  follow. 

The  F%ilosophy  0/  Goeihe's  Faust,  by  Thomas  Davidson.  Edited  by 
Charles  M.  llakewell.  Ginn  &  Company,  Boston,  r9o6,  pp,  158. 
Though  dead,  be  yet  speakcth.  These  six  lectures  wcregiven  in  the 
winter  of  iSs^and  in  them  Mr.  Davidson  told  what  Faust,  whom  be 
knew  almost  by  heart,  h»d  come  to  mean  for  him.  He  believed  Ibat 
true  poetry  might  include  all  the  content  of  pbiloaopliy  aud  much  of 
that  of  religion  presented  always  in  concrete  form.  To  him  tbe  con- 
tent of  Paust  meant  the  entire  spiritnal  movement  toward  individual 
emaocipatiou  composed  of  tbe  Teutonic  Reformation  and  the  Italian 
Renaissance  in  all  ihctr  history,  scope  and  consequences. 
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/«  rtr  Firr  of  the  Heart,  by  Ralph  Waldo  Tm»B.  McClor«,  PhllHp* 
&  Co,  S'ew  Yotk,  1906.  pp.  336. 
This  book  bccuis  to  be  written  in  the  autUor'x  but  style  miiiI  tells  us 
bow  time  de&ls  witb  nAtious,  describes  goTernaieat*,  Rreat  place 
movemvats,  public  titiliiics.  labor,  tbe  ageuciea  for  attaining  the 
grenieat  sood.  and  finally  tbe  best  chapter  of  all,  tbe  life  of  tlie 
uilfber  idcalt  and  power. 

Dai  Wesen  rf«  Menschhchen  Seelen-  und  Geisteilebens,  ah  Crvndriss 

einer  PM/osofiAie  des  Ofnkens,  too  BKBTKOi.t)   Kbrn.     niiscb- 

wald,  Berlin.  1907.     pp.  454. 

Tbia  pbysician  devp|op«  a  Aumewliat   nniqnv  ayBtrm  of  pbtlooophy 

in  eigbc  cbapters  wbicb  discusa  the  following  topics.     The  problem 

of  tbe  aonl  and  the  methods  of  iituilyinx  it;  the  fouudatiou  and  tbe 

essence  of  knnwlcdjic;    the  life  of  the  will;    tbe  identity  of  the  soul 

and  bvily:   logical   thouttbt  and  kuuwlcilgc;  noetic  tbooRht,  life  aud 

devcloptneui;  the  unity  ol  tbe  psycho-sijiritual  proce&aeaof  aenaation, 

feeling,  will  and  Lboughl;  ttpintaal  freedom  and  ethics. 

Dfir  MechanisNtus   des   Demkens.    ron   Hbndkick   db  Vrirs.    Uit  5 
Textabhildunjfcn.     Ilager,  1907.     pp.  64. 

After  tweuty  years  of  careful  Study  and  rejection,  the  writer 
reached  the  conciusiou  that  the  eaeence  of  thought  can  be  undei  stood, 
and  tbe  old  idea  that  we  ucvtt  can  know  what  it  ta,  i*  all  wronf;.  Be- 
gllinfti){  with  tnemorr,  the  writer  Ki<^efi  uK  a  diajcTani  of  how  he  con> 
ceivea  it  to  have  bv*cu  reprcRCutcd  in  the  mecbaniKin  of  tbe  optic 
lobes.  Up  then  dew-rlltcs  tbe  nature  of  the  simple  and  ihe  complex 
idem  aud  then  comes  to  the  will,  tbe  proceitte*  of  which  be  represents 
in  a  very  complex  and  yet  intelli^ble  aeries  of  diaftTama.  Conaclous- 
nesa  IK  evolved  from  speech  and  bia  theory  on  thia  topic  is  expanded 
hito  Rreat  cotnplexiiy.  taking  il»  point  of  departure  from  the  cnrrent 
schematisms  concerning  aphasia,  la  tbe  supplement,  he  di»cu»*cs 
the  centre  of  the  first  and  second  optic-  word  image.  Wbmever  else 
may  be  said  of  bJa  conclnaions,  a  few  of  them  are  certainty  most 
stimaloling.  original  ami  ingvnioua.  Of  coarse,  in  presenfinR  anch 
viewft.  tbe  writer  gnr.n  litr  beyond  tbe  standpoint  to  wbicb  he  is  logi- 
cally compelled  by  facts. 

Social  and  EtJtical  InUrpretations  in  Mental  Development,  a  study  of 

social  psycboloKy.     Ity  Jauks   Makk    Baldwin.    4tb  ed.     Tbe 

Macmillan  Co.,  New  York,  1906.    pp.  606. 

This  fourth  edition   is   not  materially  altered,  the  chfttigcs  beiu^ 

chiefly  additions  of  literary  references  aud  notes.     The  tbinl   e<litioQ 

brought  tbe  work  into  practically  its  flual  shape.     The  aulhor'a  f;e- 

DCtic  lo^tc  is  closely  related   to  this  book  in  that  it  seeks  to  trace  the 

meaning  of  eonaciouaucSB.     Tbe  result  is  summed   up  in  the  pbrase 

"  the  individual  is  a  social  outcome  iu  a  social  unit  and  knowlcd^  is 

common  property  and  not  a  private  possession."     This  thesis  to  the 

•ntbor'a  mind  destro  vat  be  epislcutolo}[ical  atomism  and  subjectivism  of 

individnuUstic  tbeorias  of  knowledge  making  personal  logical  thought 

an  outcome  and  not  a  unit,  jnst  as  tbe  first  of  Iheae  truths  destroy* 

individualistic  theories  of  state  and  society. 

Growth  and  Education,  hy  Joh.s  Uaboh  Tvlbr.  Monghton,  Mifflin 
&  Company,  BoAton,  1907.  pp.  294. 
The  author  has  collected  here  much  matter  concerning  the  growth 
of  different  organs  and  syttcius  which  are  scattered  through  medical 
journals  or  are  published  in  acpaiate  monographs.  He  assumes 
growth  to  be  more  important  than  learning.     BaJance  of  organa  ia 
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important,  and  right  physical,  mental  tnd  moral  habits.  The  anthor 
U  a  great  believer  in  the  c^lucatioual  ralne  of  the  old  New  England 
farm.  A  seueral  idea  of  the  aeope  of  this  book  may  b«  presented  by 
the  topics  of  the  chapters  ivhich  are  as  follows:  Present  needi  in  Gdn- 
catiou,  Man  in  the  LikIk  of  Gvolutiou,  Hinta  from  Smbryologji 
Growth  in  Wei]{hl  and  Height  in  the  Neuro-mascular  SyHteiu  and  the 
Visceral  Organs.  Mortality  and  Morbiility,  Constitution  and  PeHoda 
of  Life,  The  First  Three  Years,  The  Kindergarleo  Period,  In  th« 
Grammar  Greiles,  In  ihe  Hijth  School,  Physical  Traiuiug,  Play  and 
Gymnastic!!.  Manual  Traininff.  Aa  a  whole,  the  hook  in  a  rare  and 
very  valuable  combinstioo  of  the  results  of  science  and  of  robust  com- 
moa  sense.  Il  ia  a  book  which  ought  to  be  accessible  to  every  teacher 
of  all  grades.  The  title  of  it  gives  only  a  faint  indication  of  its  range 
and  aco[>e. 

Vyhrani  itatt  pedopsychotogicki  a  htdagogtcki.  G.  S.  Hai,L-  Se 
STolenJui  uuktorvym  preloxlt  alauer.  livodem  proviai.  Prof. 
Dr.  HrsnC.  CAda.     Prase,  1906.     pp.  199. 

Selected  paido-pRychological   papers,   translated    into   Czech  with 

B:rmiBsion  o(  the  author  (Dr.  G.  Stanley  Ball).  Introductlan  by 
r.  Prauttsek  Cn'la.   Prague.    1906.     Contents: 

Introduction,  Dr.  G.  Stanley  Halt  and  His  Activities,  i.  Notes  oa 
Ibe  Study  of  Inlonts.  (From  Ped.  S^nt.,  June.  1901,  Vol.  i.  pp.  \vj- 
J^.)  3.  Some  A«pcct8  of  the  l^rly  Sense  of  Self.  (From  ^m.  Jour, 
a?"  Ay..  April.  18^.  Vol.  9,  pp.  35I-.1.S9)  3.  Contents  of  Cbtldrcn'a 
Minds  on  Entering  School.  (From  Fed.  Sem.,  June,  1891,  Vol.  l,  pp. 
(39*173)  4-  Moraiand  ReliffionsTraiuingofChildren.  (From  Prince- 
ton  Rev..  Jao.,  iBSa.  Vol.  10,  pp.  36-480  5-  The  Love  and  Study  of  Na- 
ture a  Part  of  Education.  fProm  Rep.  of  Stale  Board  of  Ar.  of  Mass.. 
1898,  pp.  ii4-iS4.)  6.  Children's  Lies.  (From  Ped.  iVw.,  June.  189I, 
Vol.  1,  pp.  aii-3tS.)  7.  The  Ideal  School  as  Based  on  Child  Study. 
(From  Forum,  Sept.,  1901.  Vol.  ja,  pp.  24-19.) 

This  volume  consists  of  a  translation  and  epitome  of  seven  of  the 

CychopfdagoRic  papers  of  G.  Stanley  Hall  which  have  been  trans- 
[etl  into  Bolicmiau  by  Professor  Dr.  P.  C&da.  The  whole  is  prcfiiced 
by  a  sketch  of  the  life  of  Dr.  Hall.  Tbis  much  we  gather  from  a  kind 
note  of  Dr.  Cida,  but  we  are  unable  to  say  more  of  the  hook. 

Symmetrie    und    CUUkffemchi.       .^nsstellung    in    Konigl.    Wurtt. 
IvandenjjcwvrhetDuseum.  Stulltcart,  1906.     Katalcv,    im  Auftrage 
der  Koutgl.  Zeutralstelle  fiir  Gewerbe  und  Haodel,  von  Gtrsrav 
E.  P&7.ADRRK.     Stuttgart,  1906.     pp.  160+16. 
This  unique  little  book  first  discusses  the  etymology  and  the  Idea 
of  symmetry  and  equilibrium  in  art.     The  author  then  ihows  their 
prccarsive  forms  in  nature  and  then  passes  to  some  details  of  sym- 
metry in  dre<s,  arms,  bcrnldry.  art.  handiwork,  and  shows  the  differ* 
cut   treatment  of   symmetry-   in   the  conservative   and   oppositional 
styles.     A  number  of  illnstrations  show  the  extremea  bou  of  ajmi- 
melry  and  of  glariug  departures   from  it.     The  book  aa  a  whole  ia 
desiRoed  as  a  supplemental  gnide-book  through  the  royal  exposition 
of  the  mnscDm  in  Stuttgart. 

fiandbuch  der  KumignchichU  voa  Anton  Spungek.    V.    Das  19. 

Kbrbundert,  Dritlc  Auflsge,  bearbeitet  und  ergtinit  von  Max  Oa- 
rn.    B.  A.  Secman.  Leipzig.  1900.    pp.  4S3. 
This  new  volnme  of  the  third  edition  with  Its  490  cuts  and  twenty- 
three  colored  plstri  conatitutes  one  of  the  brst  of  the  series  which  aa  a 
whole  is  distinctly  the  best  we  have  in  its  6eld.    To  set  forth  the  his- 
tory of  art  la  recent  years  Is  a  tremendous  task,  especially  if  one  re> 
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quire  bJmsclf  to  select  TepreseatntlTe  ptctnies  of  ill  Bcfaooli  and  lands 
wfaicb  ib«11  illniitrntethe  chief  fmd  typical  ien<1cneies.  While  we  fan- 
not  titeak  with  the  •uthoritj'  of  c«pertnc)w  upon  thin  maltrr,  the  f«me 
which  this  secies  has  already  attained  ami  the  high  quality  make  it 
prohsblc  that  it  will  not  soon  be  superseded. 

Piythology.  gentrai  introducficn ,  by  Cuaklks  Hubbakd  Judd.  Vol. 
I  of  a  scries  of  text-books  designed  to  introduce  the  student  to  the 
methods  and  practice  of  acicnliGc  psychology.  Charles  Scribner's 
Sons,  New  York,  1907.  pp.  3S9. 
The  antbor  has  adopted  what  he  calls  the  penetic  method,  which, 
as  be  QBC9  it,  is  very  diflcrcat  from  the  evolutiouary  method.  Func- 
tional Bccms  to  ns  a  better  term.  The  phyeioloiiical  cooditioDB  of 
mental  life  have  been  pn'^cn  a  conspicuous  place  and  much  attentioa 
is  givcu  to  ideation.  The  writer  first  treat!>  the  evolution  of  the  ner- 
vous livstem,  then  that  of  man  and  theu  passes  to  a  );eueral  analysts 
of  conscioasDCss,  treattugcach  of  the  tire  senses  and  their  relationa  to 
space,  time  and  nuity.  He  then  discusses  stress  and  expression,  in> 
atinct  and  habit,  memory  and  ideas,  lanicaa}^.  imaRination  and  the 
formation  of  concepts,  concept  of  self,  impulse  and  volnntary  choice, 
forms  of  dissocialiou  and  practical  applications.  The  bouk  has  56 
illnnrmtions,  the  most  of  which,  hnwerer,  arc  not  new.  To  onr 
tbinkiBK,  it  is  in  geueral  too  abstract  for  a  begiTiner'a  book.  While 
there  are  many,  even  a  K^eat  many  Illustrations,  the  author's  tendence 
is  too  much  in  evidence.  Nevertheless  it  flhoulit  be  welcomed,  and 
certainly  presents  many  Ibiugs  cot  fonod  in  other  texts. 

V Annie  Fsychologiqmt,  poblife  par  Alfred  Bixbt.  Hrmod  et  Cie, 
Paris.  1907.  pp.  495. 
This  volume  of  I'Anntfe  contains  an  unusual  number  of  original 
memoirs.  Some  of  the  moat  important  of  these  are  on  the  relativity 
of  space,  the  progress  of  p4ychophy.iicB,  perception  of  psychic  facta, 
the  relations  between  insects  and  the  color*  of  flowers,  work  of  Pawlor 
on  tfae  secretion  of  the  so-called  psychic  saliva,  relation  between 
medicine  and  pedagogy,  and  between  psychology  and  metapbysica, 
between  touch  and  muscular  sense,  visual  memory  of  normal  and  ab- 
normal children,  muscular  and  articular  sensibility,  actjujsllion  of 
habits  by  animals,  the  writing  experts  in  t  he  Ureyf  us  trial.  Weismann's 
theory  of  the  genotls  of  iu»tinct,  scientific  study  and  exjierimental 
work,  mental  enfeeblemem  in  dvmentla  praecox.  senile  dementia  and 
general  parnU^is,  chronic  mental  confusion,  the  ouestion  of  race  In 
psychology,  the  p*ycho-c hemic  cnnditiaDit  of  the  funcliouiu);  of  ner- 
vous centres,  the  co-operation  of  tfae  school  and  ibe  family,  the  devel- 
opment of  the  problem  of  aphasia,  pain  and  pain  nerves,  sensitive 
tract*  in  the  nervonti  HVKteni,  sexual  dimorphivm  in  plauts,  the  modem 
doctriuea  of  morals  und  the  psychology  of  tboagfat. 

TTu  Piyehaloeicai  Clinic,  edited  by  Lightner  Witmer.    The  Psycbo- 
logical  Clinic  Press,  Philadelphia,  March  15,   1907.     pp.40.     Vol. 
I,  No  I. 
TbtG  is  a  new  journal  for  tbe  stndy  and  treatment  of  mental  retar- 
dation and  deviation,  publisbinfi  nine  numbers  a  year;   each  of  28  or 
more  pages  at  a  subscription  of  (r,oo  per  annum.     It  is  published 
primarily  iu  the  interests  of  retarded  and  defective  children  and  will 
take  cognizance  of  all  forms  of  such  work  for  mentally  and  physically' 
abuormal  children  and  ^onth  and  juvenile  delintjucnts  and  depend- 
ents,  iucluding  the  bhud  and  deaf.     It  will  appeal  to  those  having 
philanthropic   interests.     Professor  WUmer   has   for   ten  years  con* 
dacted  a  psychological  clinic.    The  purpose  of  the  movement  which 
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bia  work  reoreMtitkia  fourfold;  the  luTcstigmtioa  of  the  phenomenti 
of  meaUl  uevclopnieat  oi  Mbuol  childrcti,  especiill^  those  who  are 
retarded,  an<]  (3)  a  clinic  flupplcmentcd  by  •  training  Bcbool  at  the 
hospital,  (3)  tlir  offering  of  prnrtical  wort  to  those  t^lc^est*^d  alike  la 
teaching,  medicine,  aoclal  ooservat ton  and  training,  an*!  (4)  the  train- 
ing of  students  for  «  new  profession,  namely  that  of  the  psycho* 
togicnl  expert  who  *hi>II  make  his  career  in  connection  wtth  the 
school  system.  The  first  number  iiiakca  an  attractive  appearance,  an 
Interesting  case  of  nifantite  stammering  in  a  boy  of  twelve  is  well 
Btutlir<l,  a  principal  of  a  l*bila<ie1phia  school  describe*  a  case  of  juve- 
nile delinqncncy,  the  editor  baa  a  long  article  on  university  conrsca 
in  psychology  in  general,  bat  with  special  reference  to  this  kind  of 
work,  while  there  is  another  depsrlment  of  book  revi«ws,  criticism*, 
notes,  news  and  eommenta, 

ne  PAiliPfine  faurnal  0/  Science,  edited  by  Paul  C.  Fkbes.     Pob- 

lished  by  The  Bureau  of  Science  of  the  Goverument  of  the  Philip 

pine  Islands.     Manila,  October,  1906.     Vol.  I,  No.  8.     pp.  791-00. 

The  Philippine  Journal  of  Science,  edited  by  Paul  C.  Freer,  is  an 

Itoportant  part,  one  mi^ht  slmost  say,  of  the  Philippine  question  in 

this  country.     Some  of  us  work  ii  excellently  done.     It  is  generallv 

rather  more  practical  than  scientific  in  its  range  and  scope.    It  u 

plain,  however,  that  the  purpo»e  of  the  editors  la  not   tiniilctl  to  the 

utilitarian  side,  but  the  anthropology,  folklore,  flora,  fauna,  geology, 

rainfall,  etc.,  of  the  islands  are  Included. 

Ott  lk£  Functions  of  the  Cfrehrum;   Ihe  frontal  lobes,  by  SnBrBBRli 
IvoRV  I'ranz,     Art-hives  of  I'«)-cliolog)'.     l^litcd  by  R.  S.  Wood- 
worth.    No.  2.    Much,  1907.    New  Yurk,  The  Scieace  Picsa. 
pp.  64. 
The  author  first  gives  some  account  of  the  frontal  lobew  as  centre! 
of  motion,  inhibitiou,  altentiou  and  iutellcctuul  states,  then  dcsciiUei 
hia  own  method  and  his  results,  which  show  loss  of  habit  after  extir- 
pation of  the  (rontala,  the  effect  of  sureicaJ  »hock  upon  the  atlention, 
asfociations,  the  retention  of  habit  after  extirpation  of  parts  of  Ihe 
cerebram,  the  formation  of  awociatioo  after  removal  of  both  frontal 
lobes,  emotion,  will,  coudition  of  animals  from  which  the  lobes  have 
been  removed  and  the  nuuition. 


THE  PROCREDINGS  OF  THE   PHILADELPHIA  MEETING  OP 
EXPERIMENTAL  PSYCHOLOGISTS. 

The  fourth  annual  uatheiing  of  expcrimeutal  psycholojcisls  was  held 
at  the  University  of  Pennsylvania  on  April  17111  and  i8th,  rjo?.    The 

fiapers  were  of  a  hi^'u  de}{icc  of  excellcuce,  and  the  diacusnioua  which 
ollowed  were  interesting  and  illuminatiuK.  A  novel  featnre  of  the 
Firogramme  was  a  round  table  discussion  of  the  plans  and  methods  of 
nsttuction  in  psychology.  The  visitiug  piiychoto|;i«ta  were  invited 
to  attend  the  meetings  of  the  Americau  Philosophical  Society  which 
were  held  tn  Philadelphia  daring  Ihe  same  week.  l'ro(e.ssor  Witrner 
entertained  Itie  psychologists  most  hospitably  at  the  University  Club, 
and  conducted  them  on  lonra  of  inspection  through  hia  unusually 
well-appointed  Inlioratory, 

In  the  scM-ion  devoted  to  Comparative  and  Child  Psychology  the 
following  papers  were  presented : 

Statistics  0/  Retardation  in  a  City  SeAeol  System,  by  J.  E.  Brtaw. 
A  statistical  study  of  data  obtained  from  oeverot  thousand  cbildreo 
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of  all  •chool.ages  aod  »cbool -grade!) .  There  comM  to  tif;bt  a  thoronf{k- 
SoiDg  partlleirim  betwe«u  pbj'sical  anomaly  and  meutal  retardation. 
(This  paper  has  since  appeared  in  fall  in  the  Psy^ological  Clinic) 

Clinical  Examination  of  Retarded  Children,  by  J.  D.  Hbilmah. 

A  descrlptiou  of  Ibc  mode  of  procedure  followed  in  tbe  examination 
frfrttardca  children,  aud  a  prescutaCion  of  ceitntn  resalta  obtained, 
withiUastrations  from  individual  cases.  The  procedure  consisted  es- 
KUtially  tu  obtainiug  from  the  school  records  a  list  of  pcdagoeical ly 
retarded  children,  and  the  preparation  of  a  blank  rccortf-slieet  lor  the 
systematic  enumeration  of  data.  In  addition  to  the  mental,  physical 
and  motor  stigmata,  these  sheets  recorded  such  datn  as  home  and 
family  conditions,  and  Bcbool  atanding.  The  indivj<!uHl  cases  pre- 
sented showed  that  the  capacity  of  pcdsgogically  retarded  chilarcn 
may  vary  between  tbe  lluiita  of  good  meotallty  and  hopeless  idiocy. 


(I.) 


/ndifiduat  Variation  in  Ac^uiiilion  and  in  Rttention,  bjr  E.  J. 
MvER,  and  (a)    The  Aisociative  Procestts  of  the  Dog,  the  Cat  and 


the  Squirrel,  by  S.  S.  Coi.vtN,  (Presented  by  J.  W.  Baird.) 
(I)  Mr.  Myer's  investigation  dealt  iirith  tbe  diRerentiation  of  the 
mcmoriul  types  in  school  children,  uud  the  relative  memorial  eOlcieucy 
of  tbe  various  types.  Ills  preliminiiry  work  bad  to  do  chiefly  with* 
acriea  of  tent*  whicli  ithoulil  idctilify  the  type  present  in  a  given  indi- 
Tidnal.  This  was  followed  by  a  series  of  experiments  which  aimed  to 
determine  the  stability  (ind  the  relative  efhciency  of  the  different 
types.  In  thin  prclinjii)«ry  report  the  teats  employed  were  described 
and  demoustrated.  (2)  Professor  Colvin's  research  aimed  to  obtain 
qoantiiatlre  determlnatlona  of  the  ability  of  certain  animals  to  dis- 
tiuKuish  colors,  and  to  establish  associations  between  groups  of  me- 
morial material.  A  bcHcb  of  boxes  of  uniform  size  and  shape,  bnt  of 
diflereot  colors,  was  prepared  and  famished  with  food.  Only  one  of 
'tlw  boxes,— the  atanciard. — conid  ht  opened  by  the  animals.  After  a 
pnlimlnaxy  series  of  experiments  during  which  the  animals  learned 
to  select  and  open  the  standard  box,  this  bnz  was  exposed  in  various 
combinations  with  the  others,  and  tbe  reaciions  of  tbe  auimals.-^ogs, 
cats  and  a  squirrel.— were  noted.  It  was  found  that  all  of  tbe  animsli 
were  able  to  distinguish  between  the  six  more  prominent  colors  of  the 
•peclrum,  and  even  between  but  slightly  difierent  tones  of  the  same 
color.  No  color  showed  any  pronounced  superiority  over  any  other. 
The  results  also  show  that  the  animaU  tested  possess  a  rapid  acquiai- 
tion,  aud  a  fairly  tenacious  memory.  (These  two  papers  will  appear 
in  full  in  a  fortbcoming  volume  of  the  Piyckological  Review  Mono- 
graph  Series.) 

In  the  session  for  LatKiratory  Methods  of  Research  and  Instruction 
the  following  papers  were  read: 

The  Control  0/  the   Hipp    Chronoscopa   in    Psychometrj,  by  J.  B. 
Kkausb. 

Hxpcriments  in  the  standardization  of  control-instruments  showed 
that  a  fall-screen  can  be  standardized  ko  that  it  will  mark  o£f  a  time 
interval  correct  to  .^79,  with  a  mean  variation  of  less  than  .37.  Tests 
with  a  pendulum  showed  that  tbe  constant  and  tbe  variable  error  are 
•pprozimately  one- half  as  large  as  those  of  thefall-Hcrcen.  Data  were 
presented  sho'wing  the  degree  of  nniformity  of  reading  which  can  be 
attained  when  tbe  inilrument  is  properly  adjnsted.  In  a  seriea  of 
4,000  records  taken  in  groups  of  160, — comparison  made  between 
chronoscope  and  fall-screen  at  the  end  of  lach  Rroup, — the  average 
diBerence  between  readings  at  the  beginning  and  the  end  of  croups 
vaa  found  to  be  ±  t.0080'.  In  a  smaller  group  of  similar  records  with 
peitdalum  control  the  average  diQeieucc  waa  but  ±  .360. 


MBETING  OP  BXPBRIUBNTAU3T3. 


385 


A  Finger  Pleikysmograpk ,  by  HBRRV  H.  Goddard. 

This  new  form  of  the  inBtrument  was  designed  to  *Told  two  defect*  lo 
plelliysmographs  now  in  use,— loss  of  time  la  ndjciBtitig  to  th«  bodf, 
■nd  impoRsibiLity  of  rcproduciag  exactly  a  former  idjuBtmeut.  The 
problem  is  sotvcd  by  attaching  the  instramcnt  to  the  thumb-uail  by  a 
clip,  and  tlieu  adjuEtiiiK  ibc  pucutnatic  »yBtcni  lo  the  ball  of  tlie 
thnmb  by  means  of  an  easily  legible  micrometer  screw. 

Note  on  a  New  Method  0/  Preparing  Color  Stimuli  oj  a  Definitt 
Saturation,  and  its  Application  to  the  Study  0/  Weoer't  Law,  by 
J.  U.  Lhuba. 
Dr.  Horu  and   Mi»  Blake,  of  Bryn  Mawr  College,  have  pablished 

tbe  reaultl  of  a  aeries  of  colorimelric  detcrminaliona  wherein  was  em- 

?loye'I  a  new  and  ingentotii  method  of  prepariuK  chromalic  stimuli, 
be  nimuli  were  composed  of  Hght  transmitied  throaxh  Glters  filled 
witli  colored  solutions  of  different  composition,  and  at  different  de- 
gree* of  concentration.  The  method  is  commendable  in  that  it  per- 
mits of  an  accurate  reproduciion  and  a  miuute  gradatioa  of  stimuli. 
Professor  Leuba  demonstrated  the  method  in  detail,  and  pointed  ont 
that  it  lurnishes  the  mean*  for  a  new  coufiruiatiun  ol  Weber's  Law. 
The  application  ol  the  method  gives  resnlts  which  show  that,  within 
limits,  the  amount  of  color  aolatiou  which  must  be  adde<l  to  produce 
a  just  observable  difiercnce  lu  color,  is  a  coustaut  fraction  of  the 
amoant  of  color-snbstance  already  present. 

Student  Apparatus  far  Courses  in  Experitnentai  Psychology,  by  B. 
D.  TwiTUVKR. 
A  demonstration  of  the  methods  employed  at  the  UniTCrsity  of 
PennsylTanta.  Each  laboratory  gronp  i*  supplied  with  a  set  of  appo- 
ratus  which  becomes  the  perKonaTpropfrty  of  the  Btndents.  Many  of 
the  instruoteuts  arc  desitcued  by  Dr.  Twitiuyer,  and  conitructeu  by 
tbe  laboratory  mechanician  ;  they  are  simple  tti  design  and  retnarkobly 
efficient  in  operation.  Tbe  plan  and  scope  of  the  course  was  described 
in  detail. 

A  Demonstration  of  a  Cheap  but  Efficient  Air.Ptethysmograph  Con- 
structed Jrom  a  Lamp  Chimney,  by  K-  C.  Sakfohd. 
The  k'""S  *"'**  **»er  the  baud;  it  is  closed  at  one  cud  (the  wrist  J  by 
a  thiclc  bau'Jaue  of  putty,  and  at  the  other  end  by  a  cork  fitted  wltb 
glass  tnbea  for  pneumatic  transmissioa,  and  for  the  equalization  of 
air-pressure. 

In  the  session  given  to  Research  Problems  the  papers  read  were  as 
follows: 

Memory  for  Absolute  Pitch,  by  J.  W.  BAtRD. 

Tests  made  upon  a  remarkable  case  of  pitch  memorjr  were  described. 
Tbe  eifihty-eight  notes  of  the  piano,  presented  In  dimcult  order,  were 
identi^ed  with  an  average  error  of  about  (our  per  cent.  The  distribu- 
tion of  errors  showed  the  middle  and  upper  regions  of  the  key.boord 
to  be  most  readily  identified, — a  resnU  which  was  confirmed  by 
chronoscopc  reconls  of  reaction-times.  The  reproduction  ol  tones  by 
meana  of  the  voice,  and  the  Stern  Tonvariator  showed  a  surprising 
degree  of  accuracy.  Tests  were  made  with  tones  of  various  clang- 
lints ;  pipe  organ  (flute,  diapason,  reed  and  other  "tops).  Tonvariator, 
tuutntcforks  (mouuted  and  unmounted),  Galton  whistle,  bells,  elassei, 
rods,  etc.  The  diocussiou  emphasized  the  importance  of  eliminating 
the  participation  of  relative  pitch  memory  (or  'sense  of  interval')  in 
the  investigation  of  absolute  pilch  memory.  (Thia  paper  will  appear 
In  full  in  the  Monograph  Supplements.) . 
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Tk€  Fiuctuatian  o/ Minimal  Visual  Stimuli ,  by  C.  E.  FaRRKH.     (To 

be  published  in  full  in  the  Am^ican  foumai  of  Psychology.') 

Experimental  Sludies  of  Reatoning  Professes,  by  B.  C.  Sanpobd. 

A  demonatration  of  a  cnnveiiicnt  methofl  for  the  cxperimenul  in- 
veHtigKtion  of  Ihe  leaaonirig  protes»*ii.  Pnzzlrs  of  T«riou8  Korls,  aod 
problemit  iavolviuK  t^<:  niiuplc  aritbmetiail  optintioss  furnish  eapr- 
cislly  Appropriale  m&teri&l.  An  exercise  In  loug  diviAiou.  for  ez- 
atnplr,  i«  worked  oul  in  full  by  the  experiinentvr,  who  then  erasers 
ccruis  figure*  from  divisor,  'livideuil,  tjuotieiit,  iDtennediBle  products 
and  rruiamders.  and  ftuh<itJtntes  croftses  for  the  miMins;  figures.  The 
subject  IK  imked  to  determiiie  what  fiuure  is  repreitented  bv  each  crots. 
Such  exerciseit  faciliute  at  once  the  inspeciion  of  the  subject's  reac- 
tions, aud  his  introspection  ol  lii«  mental  processes.  The  results  show 
thst  hsbit  pUyii  a  prominent  rOle  in  the  Dietbo<l  of  xttAclcing  a  prob- 
lem, and  ftlso  marked  individual  variations  of  method  (confirming  the 
earlier  work  of  Lindley).  .Ml  reasoning  processes  show  a  tendency  to 
conform  to  a  type  of  association  under  limiting  cunditioni:  of  apper- 
ception. The  logical  type  of  the  syllt^sm  is  a  formula  which  applies 
to  many  sorts  of  things— as  to  reflex  actions  (Pierce) — and  not  at  alia 
true  description  of  the  pcychtcal  experience  of  inference. 

FlueluatiiN  of  Ailention  to  Cutaneous  Stimuli,  by  L.  R.  Geisslb*. 
(Pnbllshed  in  full  in  this  number  of  the  W«^fi«fl /tutrxfl/ <j/'A>'- 
(hology- ) 

The  Method  of  fust  Perceptible  Differenees,  by  P.  M.  UniiAf*. 

It  a  subject  ia  required  to  make  a  seriesof  comparisons  between  two 
stimuli.  Si  and  S„  bis  judgmcuis  vary  without  any  apparent  order  or 
regularity,  so  that  one  is  unable  to  predict  what  the  judgment  will  be 
in  a  given  experiment;  but  in  a  great  number  of  experiments  each 
judgment  tends  to  occur  in  a  certain  perceninge  of  all  tbecascs.  This 
indicates  the  formal  character  of  random  cventH,  and  we  Introduce  the 
QOtiou  of  a  probability  of  a  judgment  of  a  certain  type.  This  means 
that  there  exists  a  aefinite  probability  that  the  comparison  of  the 
stimuli,  S,  and  S,,  will  reanlt  in  the  judgment  'greater,'  "less"  or 
'equal.*  Thene  prolmbilities  depend  upon  the  amount  of  diSereuce 
between  the  comparison-Stimuli,  and  they  may  vary  if  the  conditions 
under  which  the  )udgmeut  is  given  are  cbaoged.  An  analysis  of  the 
experimental  procedure  which  is  called  the  method  of  just  perceptible 
dificienccs  sliowii  that  for  the  juftt  perceptible  positivedifference  there 
exists  the  probability  %  that  the  judgment  'greater'  will  be  given, 
and  that  there  exists  the  probability  Y,  that  on  the  jnsl  imperceptible 
positive  difference  the  judgment  'greater'  will  not  be  given.  Theo- 
retically lhe«e  diSerencrv  arc  equal,  and  the  canse  of  the  diSerencea 
which  are  always  found  in  actual  determinations  is  shown.  Similar 
considerations  hold  for  the  just  perceptible  and  the  just  imperceptible 
negative  difierciice.  The  just  perccpiiblc  negative  difference  i«  that 
amount  of  difference  for  which  there  exists  the  probability  ,4  that  the 
judgment  'less'  will  be  given,  and  the  just  imperceptible  negative  dif- 
ference is  thai  difference  for  which  there  exists  the  probabiluy  H  that 
a  'less'  judgment  will  not  be  given.  The  general  notion  of  a  just  per- 
ceptible diUereuce  may,  therefore,  be  defined  as  that  amount  of  differ- 
ence for  which  there  exists  the  probability  %  that  it  will  be  recoguizcd. 
Now  the  considerations  M'hich  lead  to  these  conclusions  have  certain 
practical  consequences.  The  first  and  most  importsut  is,  that  one  is 
not  tied  down  to  any  specific  order  of  presenting  the  pairs  of  compari- 
son stimuli,  if  one  records  all  the  judgments.  The  second  conset^uencc 
U  that  one  must  not  always  use  the  same  pairs  of  comparison  •stimuli. 
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but  th*t  One  matt  'nrj  the  (teps  hj  wbicb  one  upproBches  tbe 
tbrcabold.'  One  &a6»,  too,  LliKt  the  accamc^  of  tb«  njctbod  of  just 
perceptible  differences  compare*  fuTortWy  with  that  of  the  inethod  of 
right  and  wrong  ca«cii,  nml  that  it  d&ea  not  require  the  hypothesis  of 
any  specific  law  of  distribatEoa.  Prom  this  tt  follows  that  the  method 
of  just  perceptible  difference*  is  not  only  highly  serviceable  for  all 
purposes  which  do  not  require  a  hi);h  degree  of  accitrncy,  in  which 
cases  there  is  little  objection  to  using  it  in  the  form  which  is  now  in 
use,  but  alao  that  it  Is  CMpnble  of  a  hieb  degree  of  accuracy.  The 
theoretical  considerations  are  illustrated  i>y  the  resalts  of  experiments 
with  lifted  weiKbts.  The  results  of  the  computation  are  cumpared 
with  the  Actaal  obserrations,  and  it  is  found  that  they  coincide  iu  a 
remarkably  high  degree.  ev«n  when  the  number  of  observatioo«  is 
rather  small. 

t»^  Relation  of  the  Four  TasU  QtiatUies  to  One  AnotMer,  by  J.  W. 

BAIJtD. 

The  experimental  method  consisted  in  eatablialiinf;  the  Hniinal  con- 
centratioDs  of  sugar,  hydrochloric  acid,  sulpbaie  of  qniolne  and 
soditim  chloride,  which  enuld.  under  normal  conditions,  be  Identified 
as  sweet,  sour,  bitter  nud  salt.  Then  utter  exhanstion  of  the  taste 
organs  by  ntron;;  solutions  of  each,  the  subject  was  asked  to  idcnt- 
\iy  snbtimiiinl  aolutinns  and  diHtilled  wator.  A  procedure  without 
knowledge  was  employed,  and  5  ccui.  of  tach  solution  was  given,— tbe 
■nb^t  being  required  town^h  the  liquid  abnnt  in  the  mouth  cavity 
during  the  procesn  of  idmtificalion.  Several  interesting  results  were 
obtained.  Water  after  sweet  tasted  sour,  after  sour  and  after  bitter 
flwcct,  and  after  sweet  bitter.  Snhllmlnal  bitter  was  Identified  after 
fatigue  with  sweet,  with  i>alt  nnd  occasionally  with  sour.  Subliminal 
sweet  and  salt  were  identified  niter  cxhausciou  with  bitter.  These  re- 
anlts  indicate  that  bitter  is  not  unrelated  with  the  other  tftste  qoalitica 
as  Kiesow  afiirms. 

Tk€  Inftuente  0/  Practice'  upon  llie  ShorieHing  of  Reaction-Timti 
i^Sound  Reactions'),  by  Chakles  Vuillbumibk. 
Sixteen  hundred  reactions  obtained  from  each  of  four  rabjcctK  were 
treated  bv  several  stntiitical  methods;  the  group  averages  and  the 
mean  variations  all  show  the  acquisition  of  celerity  and  nniformily  of 
rescliou  with  the  progress  of  practice.  The  following  tnbic  gives  tlie 
averages  of  groups  oj  3oo  experiments  for  all  four  enhiects,  the  results 
being  averaged  in  groups  of  aoo: 

1.  n. 

ii7.o6«r  '54-97* 

108.62  135-77 

I03,6  111-83 

98.4  108.83 

9*-4  99.77 

91.I  95.98 

93.3  9673 

IU.O7  I0.1.I 


Grand  average,  100.04  113.24 

Tbe  mean  variations  raried  as  follows: 


16,57* 

14.49 

13.14 

11.89 


io.< 


III. 

IV. 

163- 'S* 

134. 11* 

139-07 

128.23 

I29-9S 

"3- 73 

IJO-M 

1*433 

13S.51 

tii-44 

io».S4 

106.81 

1 13-7 
tii-43 

!%' 

128.07 

"7-33 

31. 9M 

13-58 
11.62 

13.96^ 

13.41 

13.19 

10.  ta 

9^ 
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9-40 
10.59 

9-77 


7-77 

8.04 

7-47 
&.86 


9-59 
9.09 

9-9S 


Grand  •verage,    11.9  10.8  11.76  10.74 

Practice  shortens  the  reaciton-time  and  it  increases  the  aumber  of 
those  reactions  which  may  be  called  normal. 

At  the  meeting  of  the  American  Philosophical  Society  was  presented 
the  following  p«per: 

Tie  Effect  of  frnprrcrptihle  Shadows  on  the  Judgment  of  Distanec,  by 
E.  B.  TiTCBBNRR  and  W.  H.  PVLK. 

This  paper  reported  the  rcanlts  of  a  repetition  and  extension  of  the 
work  published  under  the  same  title  by  Duiilap  in  1900.  The  observer 
is  asked  to  compare  the  leUKlhs  of  two  continuous  sections  of  a  hori- 
zontal htack  line  upon  a  white  g^rnund.  lu  certain  series,  unknown 
to  the  observer,  the  experimcutcr  throws  upon  LhebaclcKrouDd  auf;u- 
lai  shadows,  so  disposed  as  to  convert  the  two  leaf[tfas  of  the  line  into 
the  two  parts  of  the  MiilUr-Lyer  illusion.  The  question  at  issue  ja 
whether  the  iupeicepuble  shadows  have  aoy  influence  upon  )adg- 
meot. 

It  is  shown,  first,  that  these  subliminal  shadows,  even  raited 
almo«t  to  the  limit  of  perceptibility,  have  no  influence  whatsoever 
upon  the  iudgraents  of  distance  passed  by  five  observers.  It  is  shown 
further,  lliat  Mhadows,  so  weak  as  barely  to  hold  their  form  distinct, 
exert  an  inQucncfc  upon  jutlKmetit,  comparable  with  the  iuflnence  ex- 
erted by  strong  shadows ;  there  is  no  sliding  scale  of  lllBsion-efiect, 
varying  with  the  clrarncs^  of  contour  of  the  illnsion-niotive.  It  ia 
shown,  thirdly,  that  the  observer  is  able,  by  voluntary  direction  of 
Bttentioti,  to  resist  the  solicitation  of  a  strong  ilttiRion-motive,  clearly 

EreECDled.  So  mnch  the  more  then  will  hr,  under  the  conditions  of 
unjap's  cxpcrimeuts,  resist  the  soHcitaiion  of  an  iilusion-uiotivc 
which  he  cannot  ace,  oj  whose  presence  in  the  pnrticnlar  experiment 
hr  is  t)>iiorKnt,  and  which  t«  left  out  of  account  in  the  inKtructions 
given  him  by  the  experimenter.  It  follows  from  the  whole  investiga- 
tion that  if  the  subconscious  is  to  be  received  into  experimental  psy- 
cholo^atall,  it  must  find  some  other  means  of  access  than  these 
imperceptible  shadows.  J.  W.  Baiuii. 
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A.    Introductory. 

I.      The  Problem  and  Aim  of  the  Studv.     The  present  study 
is  a  cootioaation  of  a  prograni  begun  in  oue  previously  r«- 
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ported.'  A  few  studies  made  by  other  investigators  on  the 
analysis  of  the  memory  consciousness  were  there  briefly  noted- 
In  another  place  an  attempt  was  made  to  outline  what  seemed 
to  me  the  central  problems  in  the  general  &eld  of  memory 
analysis.'  For  the  present  purpose  it  will  be  sufficient  to 
recall  a  few  of  the  more  general  questions  iu  memory  analysis 
with  which  the  present  study  is  chiefly  concerned.  Relatively 
speflking,  nearly  all  previous  memory  studies  have  dealt  with 
the  quantitative  aspect  of  memory,  and  a  much  smaller  uum- 
ber  with  the  determination  of  the  types  of  mental  imagery. 
The  analysis  of  the  memory  consciousness  is  not  at  all  con- 
cerned directly  with  the  former  of  these  problems,  and  thC' 
latter  is  only  a  very  small  part  of  its  general  aim.  This  gen- 
eral aim  is  threefold.  First,  the  an^ysis  of  the  memory  con- 
sciousness into  its  elements.  Whatoifferent  kinds  of  mental 
imagery,  what  organic  sensations,  and  aflective  states  occur  in 
the  mind  from  the  beginning  to  the  end  of  the  process  of  the 
recall  of  a  given  thing?  Secondly,  the  determination  of  the 
function  in  the  memory  consciousness  of  each  of  these  ele- 
ments. What  is  the  order  in  which  they  appear,  of  what  use 
is  each  ia  attaining  the  end  that  is  desired,  to  wit,  the  rein- 
statement of  the  imagery  that  is  wanted  and  the  recognition 
of  this  imagery  as  correct  or  not?  Thirdly,  since  the  end 
product  of  a  recall  process  is  often  a  memory  illusion,  a  promi- 
nent question  in  memory  analysis  is  that  of  the  nature  and 
causes  of  these  memory  illusions.  In  the  actual  investigation 
of  memory  these  are  not  independent  general  problems;  for 
any  study  that  is  aimed  mainly  at  any  one  of  them  will  yield, 
and  needs,  considerable  data  with  regard  to  the  others,  the 
second  necessarily  presupposing  results  on  the  6r.<it. 

The  results  of  studies  of  meutal  imagery  hardly  answer  any 
part  of  these  general  questions  directly.  In  our  usual  think- 
ing we  are  not  given  free  choice  as  to  what  sort  of  imagery  we 
shall  use  in  recalling  things,  because  the  occa.sion  no  often  de- 
mands that  we  recall  how  a  thing  looks,  or  sounds,  or  tastes, 
etc.  Thus,  for  example,  to  know  that  when  one  is  given  that 
choice  one's  imagery  xvill  be  visual  Jii  50%-  of  the  cases,  audi- 
tory in  30%,  motor  and  tactual  io  15%,  will  not  tell  us  much 
about  the  nature  of  the  memory  content  in  the  total  process  of 
the  recall  of  any  one  given  aspect  of  a  thing.  Furtheimore. 
the  mental  imagery  studies  do  not  tell  us  anything  about  the 
function  of  the  difierent  elements  fdiffereut  kinds  of  imagery). 


^  On  ihc  Analysis  of  the  Memory  Cooscioasnefts:  A  Stud;  in  the 
Mental  Iniegcry  and  Memory  of  MeauiufcleBs  Visual  Forms.  Pay. 
Rev..  1906. 

*  Probtenui  in  the  Analysis  of  the  Memory  Consciousness.  Jotir. 
PhiloB.,  Psy.,  and  Scl.  Ueth.,  1906. 
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that  CDter  such  a  process  of  recall.  If  I  am  trying  to  recall 
tbe  nature  of  sounds  I  have  beard  I  must  recall  auditory  im- 
agery, bat  it  is  not  likely  that  my  recall  process  will  be  made 
up  entirely  of  a  succession  of  auditory  images.  It  will  include 
most  likely  visual  imagery  of  the  things  that  produced  tbe 
sounds,  verbal  imagery  of  their  names  or  verbal  description  of 
some  of  their  characteristics.  It  might  include  tactual,  gusta- 
tory, and  other  imagery  in  addition.  This  secondary,  non- 
auditory  imagery  which  docs  enter  may  serve  some  purpose  in 
the  total  memor>'  consciousness,  or  it  may  not.  In  this  given 
case  of  the  memory  consciousness  for  sounds,  therefore,  our 
double  question  of  analysis  into  elements  and  determination  of 
fnnclion  would  consist  of  determining  what  secondary  imagery 
does  enter,  and  wbat  part  it  plays  in  the  leinstatement  of  tbe 
auditory  imagery  and  in  the  recognition  of  its  correctness. 

There  are  certain  conditions  which  we  know  beforehand  wiU 
determine  in  pari  both  the  kind  of  secondary  imagery  that 
will  enter  a  recall  process  and  its  function.  The  first  of  these 
is  the  sense  department  in  which  the  perceptive  experience  is 
given.  A  second  is  the  degree  of  complexity  and  the  famil- 
iarity of  the  material  to  be  recalled.  A  third  is  the  time 
interval  .since  the  original  perceptive  experience  and  the  fre- 
quency of  intermediate  recalls.  A  good  many  others  might 
be  added,  but  tbe^e  are  the  main  ones.  In  tbe  previous  study 
referred  to  above  meaningless  visual  forms  were  used,  a  group 
of  which  the  subject  committed  to  memory  and  recalled  sev- 
eral times  with  detailed  introspection  and  with  increasing 
time  intervals  between  the  successive  recalls,  In  the  present 
study  pictures  of  familiar  objects  were  chosen  because  they  pre- 
sent, as  regards  associated  meaning  and  familiarity,  a  wide 
contrast  to  meaningless  forms.  The  two  classes  of  material 
together  cover  fairly  well  the  range  of  differences  in  this  respect 

In  the  present  study,  as  in  the  previous  one,  tbe  question  of 
tbe  function  of  the  secondary  and  other  associated  imagery 
that  entered  tbe  recall  process  was  kept  in  the  foreground, 
but  the  pictures  of  familiar  objects  offered  the  possibility  of 
more  and  greater  variety  of  imagery  than  was  the  case  with 
the  meaningless  forms.  The  objects  represented  in  the  pic- 
tures, as  may  be  seen  ,in  the  cuts  given  below,  were  such  as 
might  appeal  to  all  the  special  senses.  Thus  in  the  recall  of 
some  there  was  given  the  possibility,  at  least,  of  verbal,  audi- 
tory, tactual,  motor,  gustatory,  and  olfactory  imagery  of  the 
things  represented;  and  this  might  appear  in  the  recall  process 
either  before  or  after  the  visual  imag;e  had  been  reinstated. 
But  it  may  be  stated  at  once  that  as  a  matter  of  fact  auditory 
imagery  entered  only  a  few  times,  and  then  only  in  tbe  case  of 
one  subject,   and   tactual,  gustatory,   and   olfactory  imagery 
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never  entered  at  all.  This,  then,  is  so  far  a  characteristic  of 
the  recall  of  the  visual  aspect  of  things.  Iq  the  analysis  of 
the  recall  process  as  such  we  shall  be  concerned!  aloue  with  the 
detailed  descripiion  of  the  nature  and  fttnctioa  of  other  asso- 
ciated visual,  verbal,  and  motor  imagery,  and  shall  consider 
how  these  were  influenced  by  the  lapse  of  time  and  the  repeti- 
tion of  recall.  To  this  wili  be  devoted  section  C  of  the  ouiline: 
"The  Subjects'  Methods  of  KecallinK  a  Picture  as  a  AATiuIe." 
After  the  recall  of  the  visual  image  of  the  picture  as  a  whole 
has  been  considered,  we  shall  proceed  to  the  description  of  the 
recall  of  its  Inrther  details.  Here  I  shall  lake  np  especially 
what  I  have  called  the  "criteria  of  correctness,"  which,  as 
will  be  seen,  was  an  essential  factor  in  the  process  of  recall, 
as  well  as  in  the  recoguitive  consciousness,  using  this  last  term 
in  a  wide  sense.  The  complete  visual  imagery  of  a  picture  as 
finally  recalled  was  often  wrong.  These  inaccuracies  will  be 
taken  up  in  the  section  on  "Changes  in  the  content  of  the 
imager>',"  and  their  causes  discussed. 

2.  Mefh^  of  Study  and  Procedure.  Two  groups  of  pictures 
were  used,  and  five  subjects  participated  in  the  experiment.' 
The  cuts  show,  on  a  slightly  reduced  scale,  the  character  and 
the  arrangement  of  the  pictures  in  the  groups.  They  were  in 
black  and  white  and  the  square  .ipaces  for  the  individual  pic- 
tures were  square  inches. 

In  making  the  experiment  a  group  was  placed  before  one  of 
the  subjects  at  reading  distance  and  he  was  given  from  six  to 
twelve  minutes  in  which  to  commit  it  to  memor>*.  He  was 
told  beforehand  what  the  later  procedure  in  the  experiment 
would  be.  and  that  he  should  attend  to  the  details  in  the  pic- 
tares  as  much  as  possible  in  the  time  allowed.  Duriug  the  six 
to  twelve  minutes  he  was  told  when  half  his  time  had  passed, 
and  again  when  only  one  minute  was  left.  The  subject  did 
not,  after  this,  see  the  pictures  again  at  any  time.  Imme- 
diately after  memorizing  a  group  the  first  introspeciii-e  recall 
was  required.  The  method  of  study  and  analysis  was  entirely 
that  of  introspective  observation.  In  this  immtrdiale  intro- 
spective  recall  the  subject  was  first  asked  to  describe  in  detail 
how  he  went  about  meuioriziug  the  group,  and  then  to  recall 
the  individual  pictures,  one  at  a  lime,  giving  ihe  order  and 
nature  of  the  imagery  for  each,  the  presence,  character  and  use 
of  associations,  etc.  This  process,  except  the  questions  on 
how  ihc  pictures  were  memorized,  was  repeated  three  times 
after  this  with  increasing  time  intervals,  several  days  inter- 


1  As  ID  the  former  stad)^,  tb«  writer  wm  the  lafaject  in  a  few  wecki 
of  preliminRricB  Xo  detenaine  minor  mitters  of  procedarc,  and  waa 
■tso  ODe  of  tbe  snbiccu  in  the  regular  cxpcrimeDt  later. 
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recall  take  its  own.  passive  course.  When  introspection  on 
this  was  completed,  which  required  giving  the  order  and  na- 
ture of  the  imageo'.  and  the  use  made  of  it,  for  each  picture, 
he  was  asked,  secondly,  to  recall  each  picture  in  as  much  detail 
and  as  well  as  possible  and  to  give  his  observations  as  before. 
In  this  part  one  picture  was  taken  at  a  time. 

The  whole  procedure  was  carried  through  with  the  two 
groups  of  pictures  and  five  subjects,  excepting  that  two  of  the 
subjects  had  only  one  group  of  pictures  each,  and  for  the  last 
two  subjects  the  upper  three  pictures  in  the  first  group,  aud 
the  lower  three  in  the  second  group  were  removed,  and  the 
time  for  memorizing  them  was  shorteued.'  The  aim  was  to 
allow  for  the  memorising  just  sufficient  time  to  insure  ready 
recall  of  all  the  picture  at  the  first  sitting,  Usually  then  some 
would  be  entirely  forgotten  by  the  second  or  third  sitting. 

B.    StTBjKCTS'  Methods  op  Lbarkikg  thb  Katrbiai,. 

How  one  will  recall  what  he  has  memorized  depends  neces* 
sarity  in  the  first  place  on  bow  he  has  gone  about  committing 
the  things  to  memory.  The  kinds  of  associations  and  second- 
ary imagery  be  will  use  in  recall  will  depend  on  the  kinds 
made  use  of  in  learning  the  material.  An  analysis  of  the 
latter  will  therefore  always  throw  some  light  un  what  occurs  in 
the  recall  process.  One's  method  of  memorizing  any  given 
material  will  depend  again  on  a  number  of  conditions,  the 
more  prominent  among  them  being  the  nature  of  the  material, 
and  the  manner  in  which  it  is  presented.  Generalizations  on 
this  point  cannot  be  made  a  priori,  but  a  few  general  sugges- 
tions from  analyses  already  made  will  help  to  give  more  mean- 
ing to  the  following  description  of  what  occurred  in  the  sub- 
ject's mind  while  memorizing  the  group  of  pictures,  in  other 
words,  to  his  methods  of  learning  the  uialerial. 

If  material  for  memorizing  is  presented  to  .one  sense,  the 
snbject  has  always  the  choice  of  using  or  of  not  using  mental 
imagery  from  other  senses,  motor  processes,  and  verbal  de- 
scriptions in  committing  that  material  to  memory.'  If  we  call 
these  latter  aids  in  memorizing,  he  may,  further,  give  more 
attention  to  the  aids  than  directly  to  the  sense  field  in  which 
the  materia]  is  presenicd.  If  the  material  is  visual,  he  may, 
for  example,  give  more  attention  to  learning  the  names  and  to 
verbal  description,  or  some  other  aid.  than  to  the  visual  aspect 
of  the  things  presented  and  to  visual  imagery.  From  studies 
previously  made  it  can  be  said  safely  that  the  subject  wilt  use 

*  Thr  namber  in  «  f('*^°P  ^*'  determiQcd  ainipl)-  by  the  time  re- 
qnired  (cr  the  introspective  recall.  A  group  of  fifteen  made  a  sitting 
of  an  hour  and  a  half,  which  was  found  too  fatigning. 
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quite  difierent  aids,  and  use  them  in  different  ways,  according 
as  the  material  is  visual,  auditory,  olfactory,  etc.  Similar 
statements  can  be  made  in  regard  to  the  dependence  of  the 
methods  of  learning  ou  the  complexity  and  familiarity  of  the 
material,  in  whatever  sense  department  it  is  presented.  Also, 
the  way  of  presentioK  the  material  will  determine  in  part  the 
procedure  of  the  subject.  If  the  different  things  in  a  group 
or  list  are  presented  simultaneously,  he  will  do  diSTerently 
from  what  he  will  do  when  they  are  presented  successively. 
Simultaneous  presentation  favors  the  use  of  associations  among 
the  objects  presented,  and  will  also  make  the  subject  volun- 
tarily divide  his  time  between  perception  of  material  and  trial 
recall.  A  good  many  other  matters  of  this  sort  might  be 
mentioned.  But  this  is  not  necessary,  if  it  is  clear  that  an 
exact  analysis  of  all  that  the  subject  does  while  memorizing 
the  material,  when  all  the  conditions  arc  taken  into  account, 
should  be  made  and  kept  in  mind  in  order  to  help  the  utider- 
staoding  uf  mauy  things  aboat  the  recall  process.  Some  mat- 
ters about  the  methods  of  learning  are  quite  naturally  so  general 
as  to  be  independent  of  ihc  particular  subject  and  of  many  of 
the  alterable  conditions  of  the  experiment.  Others  are  en- 
tirely dependent  on  some  minor  point  in  the  procedure.  The 
following  analysis  of  the  subjects'  methods  of  learnmg  the 
material  includes  all  the  details  that  were  definitely  estab- 
lished in  the  present  series  of  experiments. 

Without  an  exception,  the  subjects  learned  the  pictures  in 
order  from  left  to  right  in  the  horizontal  rows,  and  the  rows 
from  the  top  downwards.  The  regular  arrangement  of  the 
pictures  eliminated  almost  entirely  any  effort  to  commit  to 
memory  the  positions  of  the  individual  pictures  in  the  group. 
This  took  care  of  itself.  It  contrituited  further  to  the  ease  of 
memorizing  by  readily  permitting  associative  gronping,  and 
by  fixing  at  once  a  definite  order  of  procedure.  Also  without 
any  exception,  the  subjects  alternated  leaniing  with  trial 
recalls  several  times  during  the  six  to  twelve  miuutes  allowed 
for  memoriziug.  To  determine  in  this  way  what  could  already 
be  recalled  and  what  needed  further  special  attention  usually 
took  nearly  half  of  the  total  time.  While  looking  at  the  pic- 
tnres  the  attention  was  always  predominantly  directed  towards 
the  visual,  visually  noting  what  the  pictures  were.  Simultan- 
eously uaming  them,  and  to  a  much  less  extent,  describing  de- 
tails, might  then  incipiently  occompauy  the  visual  process,  or 
the  subject  might  voluntarily  attempt  to  keep  in  mind  the 
names  as  he  proceeded.  In  cither  case,  the  attention  went 
first  to  the  names  in  the  trial  recalls.  With  only  one  exception 
(one  subject  for  one  group  of  pictures)  the  effort  in  the  trial 
recalls  was  to  get  first  of  all  a  series  of  names.     Whether  or 
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not  be  would  visualize  the  pictures  at  all  wheu  going  over  this 
series  depended  on  the  subject.  The  reason  fur  this  attempt 
to  get  a  series  of  names  was  variously  giveu.  It  was  for  the 
sake  of  preventing  forgetting  any  of  them  alEogclbtr,  or  be- 
cause it  was  easier  to  recall  the  uames  than  to  visualize  Ihe 
pictures  successively,  or  for  the  salce  of  fixing  the  order  of 
the  pictures.  The  first  seems  to  have  been  the  main  one. 
The  ability  to  recall  all  of  them  in  some  form  was  6rst  sought 
for.  Only  after  this  could  be  done  would  attention  be  paid  to 
the  details  of  the  individual  pictures. 

Noting  visually  what  the  pictures  are  and  their  details  is 
properly  regarded  as  the  direct  method  of  making  certain  the 
recall  of  their  visual  images.  The  aids  to  this  direct  process 
were  then,  first,  the  nameu  that  were  always  associated  with 
the  pictures.  Verbal  description  of  the  details,  which  was  a 
quite  common  aid  with  the  meaningless  forms,  occurred  so 
rarely  with  the  familiar  pictures  that  it  may  be  left  out  of  con- 
sideration. Secondly,  associations  between  picture  and  picture 
(depending  more  on  the  subject  than  on  the  nature  of  the  pic- 
tures) were  frequently  aids  in  memorirjng  the  tatter  so  that 
none  would  be  forgotten  a»  wholes.  Associations  were  much 
less  sought  for  than  was  the  case  with  the  meanintfless  forms; 
were  much  more  easily  obtained,  comiag  in  usually  of  them- 
selves  and  in  unexpected  ways;  and  were  of  a  larger  variety, 
most  of  them  being  of  a  different  nature  from  those  used  in 
the  memory  of  racaningless  forms.  Taking  a  distinctly  psy- 
chological, rather  than  a  logical  point  of  view,  they  fall  into  a 
number  of  classes:  ( i )  A  mere  felt  connection  between  two  or 
more  pictures.  The  subject  would  not  be  able  to  report  in 
what  way  they  were  connected,  or  anything  further  about  the 
nature  of  the  association  beyond  the  statement  of  the  presence 
of  this  emotional  reaction  aroused  by  regarding  the  pictures  in 
question,  (a)  Putting  several  together  into  one  class,  de- 
scribing them  by  one  adjective  or  phrase.  Accompanying  this 
classifying  was  an  emotional  reaction  of  the  same  general  na- 
ture as  above.  In  just  a  few  cases  there  was  introduced  in 
addition  en  extra  visual  image  that  tn  some  way  represented 
the  class.  For  example,  glove,  scissors,  and  m«j?"were  asso- 
ciated with  'millinery,'  and  a  millinery  store  was  visuaU7.ed. 
Teeth,  child,  and  eye  were  associated  with  'things  pertaining  to 
human  beings,'  and  a  person  visunlized.  (3)  Putting  several 
together  as  parts  of  one  complex  scene.  In  this  a  visual  image 
of  a  complex  scene  was  used  in  which  the  things  represented 
by  the  several  pictures  associated  were  present  as  parts.  Thus, 
fence,  and  cow  were  associated  by  a  visual  image  of  a  cow  in  a 
pen,  of  a  cow  fenced  in.  Pump,  hand,  and  butierfiy  vtts^  asso- 
ciated by  the  visual  image  of  the  subject  pumping  ot  a  hand- 
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pump  with  a  butterfly  sitting  on  the  ground  nearby.  In  this 
class  a  verbal  descriptive  phrase  might,  or  might  not,  aecom- 
pauy  the  vistial  scene.  (4)  Combining  the  names  of  the  pic- 
tures into  a  phrase  or  a  aeiitence.  Nose,  dcg,  and  bed  were 
combined  into  "The  dog  knows  bis  bed."  TeetM,  child,  and 
eye  were  combined  into  "Idol's  teeth,"  regarding  the  child  as 
a  doll  for  this  purpose.  (5)  With  any  individual  pictare 
various  associative  suggestions  might  occur  without  in  any 
way  connecting  that  picture  with  anotht-r.  Kxcluding  the 
names  of  things  in  the  pictures,  such  associatious  with  indi- 
vidual  pictures  were  much  more  loosely  connected  with  the 
images  of  the  pictures  than  were  the  others.  They,  as  a  rule, 
did  not  seem  to  be  an  integral  part  of  the  total  complex  in- 
volved in  the  recall  of  the  visual  image  of  a  picture  and  were 
regarded  by  the  subject  as  '  'mere  suggestions. ' ' 

C.    Subjects'  Msthods  op  Rhcaliino  a  Pictcrb 
AS  A  Wholb. 

In  this  section  will  be  considered  the  nature  of  the  mental 
content  in  the  process  of  recall,  and  its  function  in  that  process, 
when  an  attempt  is  made  merely  to  recall  the  picture*)  as 
wholes,  not  stopping  to  recall  any  details  of  the  visual  imagery 
of  the  pictures.  A  consideration  of  the  changes  depeudt-nt  on 
the  lapse  of  time  and  the  repetition  of  recall  will  also  be  in* 
eluded.  We  shall  be  concerned  entirely  with  the  aids  to  recall, 
for  the  kinds  of  aids  that  the  :<ubjeci  uses  and  the  way  tn 
which  he  uses  them  constitute  his  method  of  recall  for  the 
given  conditions.  In  ca&e  of  the  immediate  recall,  the  recall 
process  was  in  a  very  general  way  a  Te{>etition  of  what  occurred 
ID  the  mind  of  the  subject  white  looking  at  the  group  of  pic- 
tnrcs  and  during  the  trial  recalls  while  memorizing  them;  the 
same  kinds  of  imagery,  the  same  aids,  reappeared  in  the  im- 
mediate recall  in  about  the  same  way.  But  even  in  this  imme- 
diate recall  there  were  some  significant  changes  both  by  way 
of  omissions  and  of  additions,  while  in  the  later  recalls  the 
whole  process  was  often  quite  different  in  content,  and  in  the 
function  of  the  elements  in  that  content,  from  the  original 
learning  process.  The  analysis  of  that  part  of  tbe  recall 
process  that  will  concern  us  in  this  section  will  have  to  do  with 
tbe  following:  ( i )  Some  factors  determining  tbe  order  of  recall; 
(2)  the  associations;  (3)  verbal  imagery;  (4)  certain  visual 
antecedents,  that  were  not  visual  imagery  of  tbe  picture  itaelC 
The  term  'assoctatioiui'  is  nscd  here  in  a  restricted  sense. 
Only  the  mental  content  that  was  classed  under  "aaaociatioos" 
above,  and  which  was  divided  into  five  different  kinds  of  aMO- 
ciations,  will  be  considered  under  this  heading.  The  nattire 
of  the  results  makes  this  method  more  convetiieDt  than  the 
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Btrictl)'  logical  one  which  would  place  nearly  all  the  means  of 
recall  under  the  heading  of  associations. 

I.  Some  Factors  DeUrmmin^  ike  Order  of  Recall.  As  al- 
ready stated,  at  each  sitting,  excepting  the  first  one  for  a 
gronp,  the  subject  was  asked  first  of  all  to  recall  all  the  pic- 
tures while  remaining  in  a  semi-passive  mood,  letting  the 
recall  take  its  own  course.  He  was  requested  to  nse  a  special 
effort  only  in  inhibiting  the  recall  of  details  of  any  one  picture, 
if  such  a  tendency  should  appear.  The  object  of  this  was  to 
delermiue  the  geueral  mechanism  of  recall,  as  it  would  appear 
in  the  differences  in  the  spontaneity  of  the  imagery  for  different 
pictures,  in  the  diflereut  classes  of  imagery  for  any  picture, 
and  in  the  presence  and  nse  made  of  associations.  With  this 
procedure,  the  order  in  which  the  pictures  were  recalled  be- 
comes signiftcant.  It  shows  some  of  the  factors  that  are  at 
work,  and  something  about  their  relative  efficiency  in  pro- 
ducing again  the  visual  images  of  the  pictures. 

The  general  fact  in  regard  to  the  order  of  recall  was  that  at 
the  6rst  sitting  the  pictures  were  always  recalled  in  the  definite 
order  in  which  they  had  been  learned,  from  left  to  right  and 
from  the  top  downwards.  At  the  second  recall  this  order  was 
already  considerably  broken  up,  At  the  third  and  fourth  re- 
calls it  was  changed  still  more,  so  that  in  individual  cases 
little  or  nothing  of  the  original  order  could  be  detected.  Ar- 
ranged in  a  table  of  distribution,  all  the  cases  taken  together 
show  only  a  general  tendency  to  recall  the  pictures  in  the  order 
in  which  they  were  learned,  the  rule  being  that  any  individual 
picture  was  mure  oflun  than  not  recalled  out  of  its  exact  order, 
but  in  the  majority  of  cases  not  much  out  of  its  order.  A 
minor  tendency  to  recall  them  in  the  reverse  order  is  then  also 
detectable. 

The  order  of  learning  was  evidently,  in  the  first  place,  de- 
termined in  part  by  the  reading  habit.  Also,  in  the  recall  there 
was  sometimes  present  a  general  visual  image  of  the  rectangular 
group  of  squares  in  which  the  pictures  were  placed.  With  the 
presence  of  such  a  visual  image  the  reading  habit  would  in- 
cline the  recall  to  take  theorder  of  the  learning.  This,  because 
of  the  thorough ncs.>i  with  which  the  reading  habit  is  fixed, 
must  ha\'e  been  a  more  or  less  constant  factor.  The  order  of 
recall  was  then,  in  the  second  place,  fixed,  of  course,  through 
the  working  of  the  principle  of  contiguit)'.  This  was  possible 
ID  two  more  or  less  independent  ways.  First,  in  giving  a 
definite  sequence  of  visual  images,  and  secondly,  in  giving  the 
same  sequence  in  the  series  of  names.  Against  these  factors 
the  influence  of  others  finally  broke  up  the  original  order  of 
recall.  The  nature  of  the  results  as  a  whole  makes  it  rather 
evident  that  this  was  dtie  more  to  a  recession  of  the  former 


UKUOKY   CONSCIOUSNESS. 


399 


than  to  an  increase  in  the  inherent  inflnence  of  the  antaROoiz- 
iog  factors.  Of  these  latter  several  can  be  made  out  with  cer- 
tainty. ( I )  There  was  a  difference  in  the  inherent  spontaneity 
of  the  imagery  for  the  different  individual  pictures.  Aside 
from  associative  connections,  of  special  interest,  of  position,  or 
of  any  other  factor  that  could  be  detected  by  introspection,  the 
images  of  some  pictures  came  up  more  readily  than  others  aud 
tended  to  come  up  t^efore  others.  (3)  An  association,  appar- 
ently from  a  variety  of  different  causes,  might  have  a  special 
prominence,  be  recalled  first,  and  with  it  the  pictures  ii  in- 
volved. In  a  good  share  of  instances  the  subject  consciously 
sought  for  the  associations  when  the  visual  image  of  none  of 
the  pictures  rose  at  once  directly.  Again,  in  a  number  of  la- 
stances  the  association  was  related  to  some  personal  experience 
of  the  subject,  giving  it  a  special  spontaneity.  (3)  A  general 
visual  image  of  the  positions  of  the  different  pictures,  which 
was  mticb  aided  by  the  regular  arrangement  of  the  squares,  In 
the  majority  of  cases  preceded  the  recall  of  individual  pictures. 
When  for  any  reason  a  picture  was  recalled  out  of  its  order, 
there  was  a  very  strong  tendency  to  recall  next  the  one  next 
to  it.  In  this  tendency,  however,  when  the  original  order  had 
once  been  broken,  the  one  that  followed  the  picture  in  question 
in  the  original  order  was  shown  no  noticeable  preference  over 
others  next  to  it.  Tbere  seemed  to  be  a  tendency  to  get  back 
to  the  proper  starting  place,  an  expression,  undoubtedly,  of  the 
tendency  to  follow  the  reading  habit  which  was  made  possible 
by  ihe  presence  of  this  general  visual  image  of  positions,  but 
which,  in  this  case,  broke  the  original  order  still  more  instead 
of  belpiug  to  preserve  it.  The  objective  results  and  the  sub- 
jects' introspections  agree  in  making  this  general  visual  Image 
of  the  arrangement  and  positions  of  the  pictures  a  considerable 
factor  in  determining  the  order  of  recall.  By  inference,  it 
would  seem  that  this  factor  probably  also  accounts  for  the 
slight  tendency  to  recall  the  group  as  a  whole  in  the  reverse 
order. 

3.  The  Associations,  (a)  Their  Uses.  Twenty-four  cases 
of  associative  connections  that  were  made  among  the  pictures 
while  committing  them  to  memory  were  of  such  a  natnre  that 
the  history  of  each  could  be  traced  through  the  four  successive 
recalls.  In  the  present  description  the  figures  that  are  given 
are  based  on  these  cases  ooly. 

The  function  of  the  associations  needs  to  be  considered  only 
in  the  actual  recall  of  the  pictures,  and  it  is  assumed  that  when 
the  subject  was  conscious  of  the  a.ssocialion  before  the  visual 
image  or  name  of  the  picture  appeared,  the  association  then 
assisted  in  the  recall.  It  might,  of  course,  appear  after  the 
recall,  and  then  add  to  the  recognitive  certainty  as  to  the  cor- 
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rectnesa  of  the  recall;  but  it  added  to  recognitive  certainty  so 
rarely,  occarriog  ooly  a  few  times,  that  it  may  be  left  out  of 
account  here.  The  subject  did  uot  seem  10  need  tliiit  aid  to 
the  reaigaitive  process;  he  was  cerlain  that  the  picture  re- 
called was  one  of  the  group  without  it.  In  this  respect  the 
function  of  the  as-sociatious  was  here  essentially  different  from 
that  in  the  memory  of  meaningless  forms.  The  subject's  gen- 
eral attitude  iu  regard  to  their  use  in  the  recall, was  also  dif- 
ferent. As  was  the  case  in  iearniiig  the  group,  so  in  the  recall 
later  the  assodatlons  were  much  less  sought  for.  were  propor- 
tionally more  numerous,  and  came  in  more  of  their  own  accord 
than  they  ever  did  with  the  meaningless  forms.  This  produced 
in  the  subjects  the  general  opinion  that  in  many  cases  the 
associations  were  really  not  needed  for  recall,  that  the  pictures 
would  have  been  recalled  without  them. 

The  total  number  of  associations  that  were  used  in  the  four 
successive  recalls  and  whose  course  could  be  traced  through- 
out,  and  the  total  number  of  pictures  involved  in  these  associa- 
lions  are  given  iu  the  following  table: 

tST  HBCAtiL.  3KD   KRCALt.  ^KD  KBCAtL.  4TU  KBCA1.L. 

Pictures  PJcta  res  Pict  ures  I'ictnre* 

Anoc.  loTolved.  Assoc.  lavolred.  As«oc.  Involved.  Assoc.  InvolTcd. 
24  $3  15  23  JS  3a  16  41 

From  the  previous  description  of  the  different  kinds  of  asso* 
cialiona,  it  will  be  remembered  that  an  association  nsually 
involved  more  than  one  picture.  The  couditions  of  the  ex- 
periment gave  a  total  jwssible  numlwr  of  pictures  that  might 
have  been  involved  in  associative  connections  at  each  recall  of 
96.  This  g^ves  "wme  measure  of  the  prominence  of  associa- 
tive recall.  The  irregularity  of  the  figures  for  the  second  to 
thft  fourth  recall  is  evidence  of  a  complexity  of  the  factors  in- 
volved; they  cannot  be  adequately  determined  from  present 
results.  But  in  genera]  it  is  clear  that  a  good  share  of  the 
associations  used  in  the  first  recall  are  not  so  used  in  the  later 
ones,  approximately  a  third,  on  the  average,  have  dropped  out 
in  the  latter.  From  other  results  we  might  expect  the  pres- 
ence of  several  factors  that  would  influence  the  use  of  associa- 
tions. First,  with  the  repetition  of  recall,  if  it  is  frequent, 
the  direct  visual  images  of  the  ptctares  gain  relatively  in 
spontaneity  and  associations  drop  out.  Second,  with  the  lapse 
of  time,  if  the  recall  is  relatively  infrequent,  the  visual  images 
lose  in  spontaneity  and  require  former  associations  for  their 
recall.  Third,  with  the  lap.'se  of  time  the  B5.socialioas  are 
themselves  forgotten.' 


iTb««e  tbne  teodencie*  were  fonnd  la  the  menory  (or  meaniDglcM 
ritual  forms.    See  pp.  330-333  of  stad;  referred  to  •tKtre. 
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(b)  Tbeir  Changes.  Tbe  general  character  of  the  associa- 
tions in  Ihe  successive  recalls  iadicates  that  tbe  two  or  three 
pictures  that  are  thus  connected,  together  with  the  imagery  of 
tbe  associaHon*;,  constitute  a  complex  of  some  degree  of  uni- 
tartness.  Tbe  pictures  'belong  together,"  seem  somewhat 
separated  from  the  rest  in  the  sense  of  possessing  characteristics 
that  the  others  do  not  share,  the  transition  from  one  element 
in  the  complex  to  the  other  is  vety  easy,  and  most  of  all.  there 
goes  with  it  an  affective  tone  that  is  characteristic  of  these 
other  qualities.  The  complex,  however,  is  a  loose  and  very 
unstable  one,  In  any  given  recall,  the  repetition  of  such  a 
complex,  just  as  it  had  appeared  in  the  previous  recall,  was  a 
vety  rare  occurrence.  These  changes  may  be  considered  under 
two  classes.  First,  those  taking  place  iu  the  arran(;emi-nt, 
relative  prominence,  and  nnmber  of  elements  in  the  imagery 
of  the  associations  themselves.  Second,  disregarding  this  first 
clas.*',  changes  in  tbe  way  and  point  at  which  tbe  associations 
came  in.  Considering  the  latter  Hrst,  the  results  shuw  a 
process  of  a  gradual  elimination  of  the  associations.  The  fig- 
ares  given  above  show  that  a  good  many  that  were  used  in  the 
recall  on  the  first  occasion  were  not  so  used  in  the  later  recalls. 
But  there  are  intermediate  stages  before  they  disappear  alto- 
gether. Allowing  for  many  exceptions,  the  order  is  as  follows: 
(i)  The  as-suciaiion  comes  in  befort  any  of  the  several  asso- 
ciated pictures  are  recalled.  (2)  The  association  appears  afier 
the  first  or  .wcond  picture  is  recalted.  (3)  The  a.«i5ociation 
appears  after  all  are  recalled.  (4)  It  does  not  appear  at  all. 
Taking  the  twenty-four  cases  of  associations  nsed  in  the  first 
recall,  and  in  the  first  of  these  four  ways,  through  the  second 
to  the  fourth  recalls  gives  72  instances  in  which  these  associa- 
tions might  have  been  used  in  the  last  three  recalls  as  they 
were  in  the  first.  But  in  the  last  three  they  appeared  in  the 
four  ways  indicated.  Their  distribution  for  tbese  four  ways  is 
as  follows: 

CO  (2)  (3) 

43^  aa^  H% 

The  other  class  of  changes,  the  changes 
that  constituted  the  associations  themselves,  were  equally 
pruminent,  and  the  direction  of  the  changes  with  tbe  lapse  of 
time  and  the  repetition  of  the  recall  could  also  be  definitely 
traced.  Tbe  predominant  tendency  was  that  of  a  rapid  simpli- 
fication of  the  imagery,  though  some  other  changes,  leaving 
the  total  imagery  equally  complex,  were  also  present  in  a  much 
less  degree.  Simplification  affected  all  classes  of  associations, 
visual  and  verbal,  excepting  those  cases  in  which  the  associative 
connection  consisted  merely  of  combining  the  names  of  several 


(4) 
io  the  imagcr>' 
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picture*  into  a  phrase  or  sentence.  Other  cases  of  vertwl 
imagery  made  ap  of  a  phrase  or  short  sentence  wotild  be  very 
readily  redaced  to  a  single  word  or  two.  Complex  Tisnal 
imagery  would  be  readily  reduced  to  a  angle  factor  of  the 
original.  A  sitU  further  simplification  was  frequent  in  the 
different  recalls.  In  this  theooly  representative  of  the  original 
association  was  the  'feeling'  that  there  had  been  some  connec- 
tion before.  The  subject  would,  in  these  instances,  approach 
the  recall  of  the  several  pictures  that  had  been  associatively 
connected  before  with  the  distinct,  very  clear  consciousness 
that  such  association  had  existed,  bnt  wonld  recall  the  pictures 
without  the  appearance  of  that  former  visual  or  verbal  imagery 
that  constituted  what  he  called  the  association.  Such  an  in* 
dependent  feeling  of  the  existence  of  an  association  preceding 
the  recall  was  the  form  in  which  the  original  association  per- 
sisted in  17%  of  the  cases  in  which  an  associattoa  was  used  in 
the  last  three  recalls. 

3,  TTu  Verbal  Imagery.  The  verbal  imagery  falls  into  two 
classes:  (l)  The  description  of  the  details  of  the  pictures,  and 
(3)  Their  names. 

(1)  Description.  Verbal  description  eutered.  at  two  points 
tu  (he  experiment:  (a)  In  learning  the  group  of  pictures  the 
subject  bad  incipiently  to  some  small  degree  a  tendency  to  de- 
scribe the  visual  details.  Then  (b)  at  each  recall  bis  intro- 
spective report  necessarily  involved  detailed  description  of  how 
he  visualized  the  pictures.  These  descriptions  might  thus  have 
been  expected  to  play  a  part  in  the  later  recalls  as  a  means  to 
recall  or  to  reinforcement  of  recogoitive  certainty.  But  as  a 
matter  of  fact,  no  description  used  in  learning  was  ever  used 
or  present  iu  later  recalls.  Verbal  descriptions  used  in  pre- 
vious iutro»pt:ctivc  reports  were  sometimes  recalled;  the  sub- 
ject remembered  what  be  had  said  before,  but,  considering  the 
results  as  a  whole,  this  was  quite  exceptional.  The  general 
procedure  of  the  subject  was  decidedly  independent  of  any 
memory  of  what  he  had  said  at  a  previous  sitting.  A  further 
rather  significant  fact  was  that  when  he  did  clearly  recall  a 
previous  description  he  often  put  very  little  reliance  on  its 
accuracy  as  regards  the  points  iu  the  picture  described.  Pres- 
ent visual  imagery,  though  in  it.self  uncertain  in  character. 
seemed  more  acceptable  than  the  clear  recall  of  description,  if 
the  two  in  any  way  contradicted  each  other.  On  the  other 
band,  when  the  recall  of  a  description  agreed  with  a  somewhat 
wavering  visual  image  that  was  recalled  Brst.  the  verbal  mem- 
ory, with  some  exceptions,  quite  readily  induced  the  acceptance 
of  the  visual  as  correct.  It  reinforced  recognitive  certainty. 
The  recall  of  previous  description  as  the  sole  basis  of  Accepting 
any  point  about  a  picture  as  correct  occurred  only  a  few  times. 
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(2)  The  Names.  The  name  of  the  thing  in  the  picture 
also  entered  the  process  of  recall  in  two  ways.  First,  naming 
followed  quite  rcQexly  the  appearance  of  the  visual  image,  the 
subject  being  entirely  unaware  of  any  intermediate  imagery, 
visual  or  auditory,  of  the  name.  Second,  the  auditory  image 
of  the  name  entered  either  before  or  after  the  visual  image  of 
the  picture  appeared.  In  about  three-fourths  of  the  cases  the 
subject  could  tell  clearly  the  order  of  succession.  These  give 
a  means  of  determining  the  r61e  of  the  name  in  the  recall  .of 
the  visual  image. 

It  will  be  remembered  that  in  the  trial  recalls,  during  the 
learning  of  a  group  of  pictures,  the  subject's  attention  went 
first  to  the  recall  of  the  series  of  names.  This  was,  without 
exception,  never  the  case  in  the  recall  later.  In  these  the  sub- 
ject's atteutiou  was  always  directed  to  getting  the  visual 
images,  cither  directly  or  through  the  associations.  At  each 
siiiiag  each  picture  was  recalled  twice;  first  in  the  general 
recall  of  the  pictures  as  wholes,  and  .shortly  afterwards  in  the 
recall  of  the  details  of  each  individual  picture.  The  following 
figures  give  the  general  percentages  of  the  number  of  times  (a) 
the  visual  image  appeared  first,  (b)  the  verbal  appeared  first, 
(c)  the  visual  and  verbal  appeared  simultaneously,  so  far  as 
Che  subjects  could  judge. 

General  recall, 
Detailed  recall, 
Average, 

This  shows  at  once  the  very  great  predominance  of  the  vis- 
ual imagery  over  the  verbal,  and  the  rather  small  r6Ic  of  the 
latter  in  the  recall  itself.  As  to  its  use  when  it  appeared  after 
the  visual  imagery,  it  may  be  stated  at  once  that  the  name 
never  seemed  to  affect  recognitive  certainty  at  all.  Its  presence 
was  useless  in  these  cases.  The  percentages  show  also  that  the 
visual  imagery  gains  in  spontaneity  with  repetition  more 
readily  than  does  the  verbal.  Since  in  each  case  the  subject 
bad  to  name  the  pictures  in  bis  report  as  well  as  visualize 
them,  the  procedure  should  not  have  greatly  favored  one  class 
of  imagery  over  the  other.  But  it  is  seen  that  in  the  detailed 
recall  the  visual  is  first  in  g%  more  of  the  cases  than  in  the 
general.  This  relation  can  be  followed  further  by  comparing 
the  different  recalls  with  each  other,  from  first  to  fourth.  The 
following  are  the  percentages: 

istTCcsll.  201I  recall.  3rd  recall. 

Visual  first,          76  76  89 

Verbal  first,          17  15  11 

Simultaneous,        7  9  o 
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If,  Id  coooecttoa  with  the  relation  of  TismU  priority  tn  the 
griKTal  and  detailed  recalls,  it  is  rcmcmbcKd  tbat  lu  tbe  first 
nczli  the  geoeial  was  omitted,  it  is  seeo  in  these  Ust  figures 
tbat  tbe  prioriijr  of  the  visual  imagery  increases  considerably 
with  repetition  of  tbe  recalls.  In  tbe  first  recall  the  average 
for  the  priority  of  tbe  visual  imagery  wotild  be  several  per 
ocot.  less  if  a  general  recall  had  bera  included.  Pnt  into  gen- 
eral bum.  the  Ust  two  tables  mean  that  with  the  repetition  oi 
tbe  recall  tbe  verbal  imagery  is  eliminated  from  a  pUce  where 
it  is  not  absolntely  needed.  The  visual  imagery  gains  in  spon- 
taneity, as  compared  with  the  verbal,  and  is  recalled  directly. 
The  verbal  cones  in  only  after  the  visual,  at  a  point  where  it 
is  needed  for  the  purpose  of  description. 

4.  Somt  yisMoJ  Antetedents.  Two  kinds  of  visual  imagery 
that  often  preceded  tbe  recall  of  tbe  visual  image  of  the  picture 
Itself  may  be  given  a  passing  uotice.  To  the  subjects  their 
significance  never  jiecmcd  great.  But  in  analyzing  the  results 
it  appears  tbat  the  one  class  at  least  may  have  been  of  consid- 
erable use.  This  is  the  visual  imagery  of  the  rectangular 
paper  witb  tbe  regular  arrangement  uf  squares  in  nbich  tbe 
pictures  were  placed.  The  other  is  tbe  visual  image  of  a  dark, 
qnite  characterless  blotch  in  tbe  position  of  the  picture,  and  in 
some  way  representing  it.  The  former  was  of  somcwbat  vary- 
ing character.  Its  presence  or  absence  in  the  first  place  de- 
pended on  the  ease  of  recall,  the  lapse  of  time,  and  tbe  absence 
of  associative  recall.  In  tbe  later  recalls  it  was  ranch  less 
present  than  in  the  first.  Recall  through  associati\'e  connec- 
tions tended  to  eliminate  it,  especially  if  the  recall  was  easy. 
In  general,  it  appeared  most  when  there  was  some  interval  fcpe* 
tween  the  initial  effort  to  recall  and  the  actual  recall.  It 
varied  in  completeness  and  in  the  definiteness  with  which  all 
the  sqnarcB  were  simultaneously  visualized  in  a  single  image. 
As  the  extremes,  there  was,  on  the  one  hand,  a  definite  nnd 
clear  image  of  the  rectangular  piece  of  paper  in  proper  sixe, 
color  and  distance,  with  a  les^  definite  and  complete  visual 
image  of  ils  12-15  squares.  At  the  other  extreme,  this  visual 
antecedent  consisted  of  the  visual  image  of  a  few  squares  only. 
with  an  indefinite  margin,  the  subject  not  being  conscious  of 
the  rectangular  form  of  the  piece  (if  paper,  of  its  color,  or  that 
it  was  paper,  and  it  was  less  definitely  fixed  as  to  distance, 
usually  farther  off  than  tbe  original  reading  distance,  and  coo- 
sidcrably  enlarged.  It  seems  safe  to  attribute  to  tbLi  visual 
antecedent  at  least  one  important  function  in  recall.  It  gave 
a  means  of  guiding  and  fixing  the  attention.  With  this  visual 
map  before  liini.  the  subject  could  hall  his  attentioti  and  con< 
centratc  bis  efforts  on  the  recall  of  one  individual  picture,  and 
could  rally  bis  associative  aids  around  this  one  position  until 
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tbe  picture  was  recaUed.  Without  sncli  a  visual  map  of  posi- 
tions, or  its  equivalent  in  associative  connections,  he  had  no 
starting  point,  no  cine,  coutd  not  concentrate  his  efforts,  and 
could  do  little  more  than  simply  wait  aod  let  the  recall  take 
its  own,  spontaneous  course. 

Tbe  visual  image  of  a  dark  blotch  in  the  place  of  a  picture 
that  preceded  the  recall  of  the  picture  itself  was  often  present 
wben  tbe  recall  did  not  take  place  readily.  No  instance,  how- 
ever, occurred  in  which  it  involved  any  characteristic  other 
than  size,  position  and  an  indefinite  roundness  of  form.  Noth- 
ing in  it  distinguished  one  picture  from  another;  it  contained 
no  clue  to  recall.  Apparently  it  served  no  purpose  like  those 
of  the  other  aids  to  recall. 

D,    Thb  Visual  Imacbev  in  ths  Rac&u,  of  thb  Details 

OP  A  PiCTUKH. 

We  have  now  to  consider  the  analysis  of  tbe  recall  process 
after  some  sort  of  visual  image  of  the  picture  as  a  whole  has 
been  obtained,  a  visual  image  that  has  been  sufficient  perhaps 
merely  to  allow  the  naming  of  the  object  and  the  recognition 
of  the  picture  recalled  as  one  that  belonged  to  the  group  mem- 
orized. The  recall  of  the  details  was  then  a  second  step,  al- 
though in  individual  cases  a  line  could  not  always  be  drawn 
definitely  between  the  two  parts  of  the  recall.  The  details  of 
the  simplest  of  the  pictures  used  were  too  many  to  be  included 
in  one  span  of  consciousness.  The  process  of  their  recall  was 
therefore  necessarily  a  succession  of  imagery  of  some  duration. 
This  was  decidedly  a  visual  process.  Practically  no  secondary 
imagery  other  than  visual  ever  entered  as  an  aid  to  getting  the 
visual  details  after  the  visual  image  of  the  picture  as  a  whole 
was  once  reinstated.  We  ha\*e.  therefore,  in  the  further  analy- 
sts of  the  recall  process  to  consider  visual  imsgery  alone.  A 
prominent  feature  in  this  was  the  appearance  of  much  imagery 
that  was  wrong.  This  wrong  imagery  we  shall  discuss  in  the 
section  on  "Changes  in  tbe  Content  of  the  Imagery,"  after 
taking  up  first  the  general  character  of  the  processof  the  recall 
of  details  independently  of  this  wrong  imagery. 

I.  Thi  General  Charaeier  of  the  PrtH£S%  of  Recall  of  Detailt. 
(a)  Differences  in  tbe  First  and  Last  Parts  Recalled.  A  few 
items  may  be  noted  first  of  all  in  regard  to  what  appeared  first 
in  tbe  total  imagery  aud  its  relatioo  to  what  followed.  Tbe 
order  of  the  recall  of  details  brought  out  very  clearly  the  de- 
grees of  difference  in  spontaneity  and  case  of  recall  for  these 
details.  The  easiest  was  recalled  first,  and  that  ease  was  due 
not  to  previous  associated  imagery,  but  to  tbe  inherent  charac- 
ter of  the  imagery  itself.  This  was  shown  first  of  all  by  the 
fact  that  tbe  details  that  were  recaUed  first  were  in  so  many 
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casen  always  tbe  same  parts  of  the  picttir«.  Other  character- 
istics poitjt  to  the  same  general  fact.  In  a  good  share  of 
iDstaaces  tbe  first  details  recalled  and  what  followed  were  quite 
distinct  in  either  one  of  two  other  ways.  First,  there  might 
be  a  considerable  interval  following  the  first  part  before  the  rest 
cotild  be  recalled  at  all.  Second,  the  imagery  for  the  first 
part  would  be  fixed  in  its  character,  the  following  part  waver- 
ing in  both  its  content  and  in  tbe  degree  of  certainty  that  went 
with  it. 

(b)  The  Criteria  of  Correctness.  The  recall  of  details  was 
es-seniially  a  process  of  reconstruction.  On  the  whole  the  final 
product  that  was  accepted  as  correctly  representing  the  original 
picture  was  tbe  result  of  many  elimiaattoos  and  variations  of 
visual  details  that  suggested  themselves  spontaneously.  Usu- 
ally it  was  not  so  much  a  matter  of  filling  in  details  somehow 
or  other  as  it  was  a  matter  of  deciding  which  of  tbe  details 
that  were  readily  imaged  were  the  correct  ones.  The  general 
nature  of  the  process  is.  therefore,  best  described  further  by 
considering  the  criteria  of  correctuess  and  the  manner  of  their 
use. 

Although  customary  usage  applies  the  term  'recognition'  to 
all  such  criteria,  the  present  results  call  for  some  discrimina- 
tion. The  form  and  content  of  consciousness  that  led  the  sub- 
ject to  accept  a  certain  detail  in  the  imagery  as  correct  were  of 
several  different  kinds,  (i)  Direct  recognition  may  be  men- 
tioned as  one  of  these.  Tbe  term  is  used  now  in  its  most 
technical  sense.  In  these  cases  the  subject  regarded  the  detail 
in  qiieslion  as  right  or  wrong  directly;  he  was  unable  to  detect 
anything,  in  the  character  of  the  imagery  itself  or  in  the  total 
process,  on  which  acceptance  or  rejection  might  be  based. 
Such  recognitive  consciousness  was  not,  however,  necessarily 
an  immediate  result  of  the  imagery.  It  might  appear  only 
after  some  considerable  attention  to  the  imagery,  and  attempt 
at  decision  in  some  other  way.  Direct  recognition  was  the 
mo.st  important  way  of  deciding,  but  it  was  oftener  than  not 
accompanied  by  other  factors  as  aids,  (j)  Inherent  sponta< 
ncity  in  the  imagery  frequently  led  to  its  acceptance,  especially 
in  the  absence  of  other  criteria.  The  influence  of  this  was 
brought  to  light  clearly  in  cases  in  which  a  detail  was  visual- 
ized in  two  different  ways,  neither  of  which  was  recognised 
directly  as  right  or  wrong,  and  either  of  which  might  have 
been  correct,  so  far  as  other  details  were  concerned.  If  in  such 
cases  there  wan  a  distinct  difference  in  the  ease,  vividness  and 
spontaneity  with  which  the  two  images  appeared,  the  one 
having  these  qualities  in  the  most  marked  degree  was  usually 
accepted,  or  at  least  favored  as  regards  correctness.  On  the 
other  band,  spontaneity  and  vividness  were  very  readily  r«- 
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jected  as  criteria  of  correctness  in  favor  of  even  a  slight  degree 
of  recognitive  consciousness  attaching  to  competing  imagery. 
In  numerous  instances  the  subject  described  certain  imagery 
as  very  easy  to  get  and  vivid,  and  yet  rejected  it  in  iavor  of 
other  imagery  which  he  faintly  recog^nized  as  correct,  and 
which  at  the  same  time  might  have  l>een  very  difficult  to  get 
and  to  hold.  (3)  The  absence  of  rival  imagery  increased  the 
tendency  to  accept  whatever  did  present  itself.  The  effect  of 
rival  imagery  was  shown  in  instances  in  which  the  subject  at 
first  recalled  a  detail  iu  a  certain  way  and  accepted  it  as  cor- 
rect, but  a  moment  later  became  doubtful  of  it  or  even  rejected 
it  when  another  suggested  itself,  which  In  itself  seemed  to 
hai'e  nothing  more  in  its  favor  than  that  it  was  a  possibility. 
In  general,  the  suggestion  of  more  than  one  possible  way  of 
recalling  a  picture  created  doubt  where  otherwise  there  might 
have  been  considerable  certainty.  Another  tendeucy  shown 
was  that  of  rival  imagery  to  drop  out  with  the  lapse  of  time 
and  the  repetition  of  recall.  Where  stich  was  the  case  it  was 
the  rule  of  the  subject  to  accept  as  correct  what  he  did  recall, 
though  he  had  previously  doubled  its  correctness  In  the  pres- 
ence of  rival  imagery.  (4)  Something  iu  the  nature  of  a 
process  of  inference  was  a  very  prominent  method  of  deciding 
whether  the  imagery  of  a  certain  detail  was  correct  or  not,  and 
was  also  a  factor  in  producing  that  imagery  in  the  Brst  place.' 
This  was  so  closely  interwoven  with  the  other  factors  that  it 
was  throughout  difficult  for  the  subject  to  delect  its  presence, 
or  to  say  whether  he  believed  a  thing  was  so  because  of  a 
direct  rcc{}gnition  of  its  correctness,  etc..  or  because  he  in- 
ferred it  to  be  BO  on  account  of  other  things  that  he  did  so 
recognize  or  know.  A  detail  might,  of  course,  be  inferred  to 
be  right  for  many  di0erent  reasons.  The  results  hardly  allow 
any  classification  of  the  grounds  for  such  inferences.  Two 
sources,  however,  can  be  made  cut.  First,  the  subject  would 
recall  certain  details  and  be  certain  of  their  correctness.  With 
this  accepted,  the  nature  of  other  details  often  followed  neces- 
sarily. Secondly,  in  some  cases  he  inferred  details  in  the  pic- 
ture from  what  he  knew  of  the  thing  represented  by  it,  with- 
out any  connection  with  details  actually  recalled.  It  is  very 
evident,  when  other  results  in  this  connection  are  taken  into 
account,  that  in  very  many  instances  some  such  process  as  this 
guided  the  recall  and  rejection  or  acceptance  of  imagery  when 
the  subject  was  not  in  the  slightest  degree  aware  that  this  was 
his  method.     Clear  cases  in  which  the  subject  reported  that  be 


*  The  term  Inference,  for  want  of  another,  is  ascfl  here  In  a  wide 
and  loose  srnse,  and  is  not  to  be  deBncd  in  the  formal  way  of  the 
logician. 
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was  ioferriDg  rather  th&n  remember ing  were  very  few,  lem 
than  fifty  in  all  the  results.  And  in  maoy  of  these  be  discov- 
ered this  fact  only  after  special  questioaing.  Oa  the  other 
hand,  memory  illusions  wete  numerous,  bat  the  details  in  thew 
illusions  were  almost  without  exception  wholly  consistent  with 
themselves.  Though  the  subject  constructed  and  accepted  as 
correct  a  total  image  that  was  quite  difieient  from  the  picture, 
the  construction  was  consistent  with  itself.  It  is  clear,  I  think. 
that  if  that  construction  had  been  gutded  alone  by  direct,  but 
In  this  ca.sc  false,  recognition  and  the  other  criteria  of  correct- 
ness already  mentioned,  it  would  frequently  have  resulted  in  a 
group  of  details  for  a  picture  that  would  have  been  quite  in- 
coosistent  with  each  other. 

The  criteria  of  correctness  changed  somewhat  with  the  lapse 
of  time.  In  the  first  place,  the  general  spontaneiiy  of  the 
imagery  decreased.  After  the  second  or  third  recall  it  was 
evident  to  all  the  subjects  that  the  pictures  were  recalled  with 
much  less  ease,  clearness,  and  detail.  Second,  the  intensity  of 
direct  recoguitive  consciousness  decreased.  This  tooic  place, 
however,  apparently  from  two  quite  different  causes.  For  a 
few  of  the  details  that  had  always  been  very  readily  recalled 
and  with  perfect  certainty  as  to  correctness,  the  imagery  came 
to  be  accepted  later  in  a  rather  matter  of  course  way,  an  atti- 
tude which,  in  the  perception  of  familiar  objects,  is  described 
as  'cognitive'  rather  than  'recoguitive'  consciousness.  On  the 
other  hand,  more  frequently  the  intensity  of  recognitive  con> 
scionsness  decreased  because  of  a  loss  of  memory,  the  subject 
being  less  rather  than  more  certain  of  the  correctness  of  the 
details  in  question,  so  far  as  direct  recognition  was  bis  means 
of  judging.  Thirdly,  in  somecases  rival  imager>'  dropped  out. 
Details  that  were  at  &rst  imaged  in  more  than  one  way,  the 
subject  being  nncenain  as  to  which  way  was  correct,  were  later 
imaged  in  one  of  the  former  ways  only,  the  old  alternative  not 
occurring  to  the  subject  at  all.  In  other  cases  rival  imagery 
appeared  in  the  later  recalls  that  was  not  present  at  first.  This 
seemed  in  general  related  to  a  decrease  in  certainty,  from  what- 
ever cause,  for  some  details.  Certainty  at  6rst  for  a  given 
detail  barred  out  rival  imagery.  Later  uncertainty  gave  the 
possibility  of  that  detail  being  imaged  in  other  ways  and  with 
an  equal  claim  to  correctness. 

a.  Changes  in  ike  Content  of  the  Imagery.  We  may  consider 
next  the  general  character  of  the  changes  that  appeared  in  ihe 
content  of  the  imagery  with  the  lap-ise  of  time.  By  changes  in 
the  content  is  meant  now  wrong  imagery  iu  the  later  recalls  for 
details  that  were  In  the  first  recalls  imaged  correctly.  These 
changes  fall  couvenieatly  into  two  classes,  (a)  Imagery  that 
presented  itself  more  or  less  siwntaneously,  but  which  the  sub 
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ject  regarded  as  nroog.  I  shall  call  this  conscious  change, 
(b)  Imaj^ery  tbat  was  wrong,  bat  which  the  subject  regarded 
a.s  correct,  illusions  of  memory.  For  the  purpose  of  descrip* 
tinn  these  may  be  kept  separate.  Bat  we  shall  see  later  that 
they  are  more  closely  related  than  their  separate  description 
might  indicate. 

(a)  Couscious  Changes.  Following  distinctions  made  10 
describing  the  criteria  of  correctness,  the  couscious  changes  in 
the  imagery  were  of  two  kinds.  First,  the  changes  that  were 
directly  recognized  as  wrong.  Second,  the  changes  that  were 
inferred  to  t«  wrong  because  of  other  known  facts.  These 
were  the  two  methods  that  the  subject  was  conscious  of  using 
In  judging  imagery.  By  far  the  greater  part  of  the  cases  be- 
longed to  the  former.  As  stated  before,  the  recall  was  a  re- 
construction process  consisting  essentially  of  eliminating  wrong 
imagery  and  deciding  on  what  was  wrong  and  what  was  cor- 
rect. The  tendency  for  imagery  to  come  up  that  was  at  once 
recognized  as  wrong  increased  decidedly  with  the  lapse  of 
time.  In  some  individual  cases  it  bore  the  farther  characteristic 
of  a  high  degree  of  vividness  and  persistence.  Although  at 
once  regarded  as  wrong,  the  subject  had  difficulty  in  dispelling 
it.  In  the  case  of  one  subject  such  imagery  was  so  prominent 
as  to  attract  his  attention  and  occasionally  call  forth  generaliza- 
tions on  his  own  part.  Thus  in  the  third  recall  of  one  picture 
he  said,  "I  find  it  very  difficult  to  get  a  visual  image  thai  can 
be  accepted.  Various  kinds  of  details  come  up  that  are  at 
once  recognized  as  wrong,  but  which,  in  the  inability  to  get 
correct  ones,  are  persistent."  In  the  fourth  recall  of  another 
plctnre  he  notes:  "A  number  of  visual  details  come  up  that 
are  at  once  recognized  as  wrong.  The  visual  imagery  of  these 
details  comes  up  readily  and  clearly,  while  at  the  same  time 
different  details  that  are  recognized  as  right  are  vague,  hard  to 
get  and  to  hold,"  Such  descriptions  never  occurred  in  the  first 
recalls,  and  only  a  few  times  in  the  second,  while  they  are  fre- 
quent in  the  third  and  fourth.  The  generalization  of  this  sub* 
ject  is  verified  by  many  concrete  descriptions  that  state  just 
what  the  imagery  was  and  the  whole  process  that  ended  in  the 
acceptance  of  cert-iin  details  as  the  correct  ones.  There  was, 
■however,  apparently  considerable  individual  difference  among 
»the  five  subjects  on  this  point.* 


I  Tbia  ladtvidual  difference  appcari  in  the  Introg pectire  notes,  when 
tber  ar«  taken  literally.  I  am  not  certain,  however,  but  that  fbeanb- 
jects  were  mor«  alike  la  this  reappct  than  their  own  notes  would  jndl- 
eate.  Occasional  special  questioninf;  showed  tbat  tbeir  habits  0/ 
inttoipeetivt  obiervation  were  dtfiereut,  and  in  ancb  a  way  as  to  ac> 
couut  for  a  difference  in  their  reports  where  the  process  of  recall 
might  have  been  really  quite  the  aame.     In  alt  there  was  a  ttrong 
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What  was  said  above  of  the  grounds  for  inferring  imagery 
to  be  correct  holds  true  in  quite  the  same  way  of  the  grounds 
for  inferring  imagery  to  be  wrong.  Imagerj'  was  inferred  to 
be  wrong  from  various  reasons.  To  the  two  sources  of  in- 
ferences m  the  former  case  must  be  added  now  a  special  class, 
inferences  based  on  the  memory  of  a  generaUzation  made  about 
the  pictures.  There  were  no  colors  in  any  of  the  pictures, 
and,  of  course,  no  motions.  The  subject  could  not  forget 
these  general  facts.  In  the  later  recalls  the  things  in  the  pic- 
tures were  very  frequently  visualized  in  colors,  and  some  of 
them  as  moving.  These  characteristics  of  the  imagery  were, 
of  course,  readily  detected  to  be  wrong.  £very  one  of  the  pic- 
tures was  visualized  in  colors  at  one  time  or  another  in  tbe 
later  recalls  by  one  subject  or  another.  These  colors  were 
always  the  natural  colors  of  the  objects  represeuled.  A  further 
peculiarity  was  then  the  fact  that  in  some  cases  only  a  part  of 
the  object  was  visualized  in  its  natural  color,  while  the  rest 
was  imaged  in  the  blacli  and  white  of  the  picture.  In  the 
picture  of  n  child,  for  exaniple,  one  subject  imaged  lis  hair  ns 
brown,  with  no  further  color.  Another  subject  imaged  a  rib- 
boo  iu  pink,  with  no  further  color  in  the  dress.  In  a  picture 
of  a  human  eye  tbe  iris  was  imaged  as  blue,  with  the  lids  and 
brow  iu  the  black  and  white  of  the  picture.  The  ends  of  the 
handle  of  a  jackknife  were  imaged  in  brass  color,  the  rest  in 
black  and  white.  The  drumsticks  with  a  drum  were  visual- 
ized in  wood  color  and  black  paint,  the  drum  itself  in  black 
and  white,  etc. 

The  objects  were  also  imaged  in  motion,  but  more  rarely 
than  in  colors,  a  fact  evidently  dependent  on  the  naiure  of  the 
object,  for  not  all  the  objects  pictured  were  mobile.  There  is 
some  slight  evidence  also  that  those  objects  in  which  motiou 
might  have  been  imaged  were  not  imaged  iu  that  way  so 
readily  as  in  colors.  I  quote  a  few  of  the  more  striking  cases, 
which  reflect  the  general  character  of  this  class  of  conscious 
changes.    Third  recall  of  a  picture  of  a  locomotive:  "With 


tendency  to  attend  only  to  the  final  product  of  the  process  of  recall, 
the  imagery  accepted  as  correct,  and  a  corrcapondicg  disregard  of  the 

Eoccie  by  which  this  hud  been  reached.  Quite  frrquently  ttic  «tepa 
the  process  were  forgottrn  by  the  time  the  end  product  bad  been 
described.  This  fact  has  an  interest  independent  of  its  present  con- 
&cctio.u;  for  the  alrong  tendency  to  direct  the  attention  in  tbia  way 
■eema  to  be  an  illusttatioa  of  the  fact  that  in  everyday  life  we  rarely 
are  iutcrcstcd  in  Attw  wc  attain  an  end  menially,  but  only  in  what  we 
accomplish.  In  uieutory,  especially,  we  Lave  no  practical  interest  io 
bow  we  remenibcr,  bat  only  in  what  we  remember.  The  point  of 
pr«ient  importance  in  thla  is  tbe  fact  that  the  different  subjectv  did 
not  sacceed  equally  in  directing  attention  to  the  process,  tbe  anteced- 
ent imagery,  as  well  as  to  tbe  product. 
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farther  attention  to  the  iroageo'  the  locotnotice  be^ns  to  move, 
especially  the  drive  wheel*;  aad  the  piston  rod.  I  see  the  puffs 
of  smoke  and  :iteam.  It  is  almost  impossible  to  visualize  it  as 
standing  still."  Third  recall  of  a  picture  of  a  top:  "The 
visual  image  of  a  rnuuing  top  is  persistent.  With  continued 
attention,  it  begins  to  wabble  and  sway,  like  a  running  top 
that  is  stopping."  Fourth  recall  of  a  picture  of  a  dog:  "There 
is  a  little  difficulty  in  visualizing  the  position  correctly.  The 
dog  in  the  image  keeps  luruing  its  head  around  to  look  at  me." 
Fourth  recall  of  a  picture  of  a  cow:  "With  further  attention 
its  head  turns  towards  me.  I  see  it  move,  with  the  added 
feeling  that  I  am  visnalixing  a  real,  live  cow.  This  sort  of 
imagery  persists,  and  the  visual  image  of  the  correct  position 
comes  out  only  in  .short  fl»shcs."  The  persistence  of  the  mo- 
tion and  the  relative  inability  to  image  the  object  as  stationery 
was  characteristic  of  the  imagery  of  one  subject  only,  and  with 
him  it  was  not  true,  of  course,  of  all  the  pictures;  but  only 
one  of  the  five  subjects  never  reported  motion  in  any  of  his 
imagery.  Individual  differences  were  greater  in  this  than  they 
were  for  visualizing  the  things  iu  their  natural  colors. 

It  was  stated  that  these  cunscious  changes  in  the  imagery 
increased  with  the  lapse  of  time.  Most  belong  to  the  third 
and  fourth  recalls.  No  imagery  of  motion  belongs  to  the  first 
recall.  Taking  the  more  prominent  cases,  99  in  all,  of  visual- 
izing color  or  motion,  gives  the  follomug  distribution  for  the 
different  recalls,  first  to  fourth: 


iBt  Recall. 

10% 


aai  Recall. 
19% 


3rd  Rec«ll. 
29% 


4tb  Recftll. 

42% 


The  con.scious  changes  in  the  imagery  directly  recognized  as 
wrong  (the  class  mentioned  earlier),  because  of  their  nature 
and  number  were  too  incompletely  recorded  in  the  notes  to 
justify  giviug  figures.  But  the  record  as  it  is,  and  the  occa- 
sional generalization  on  the  part  of  one  of  the  subjects,  indicate 
thai  their  course  was  much  the  same  as  was  that  for  color  and 
motion. 

Without  discussing  the  conscious  changes  at  this  point,  most 
of  what  is  included  in  their  description  may  be  brought  to- 
gether under  one  generalization.  The  imagery  tends,  with 
the  lapse  of  time,  toward  the  imagery  of  the  object  represented 
by  the  picture,  and  with  this  change  takes  on  characteristics 
that  belong  to  the  object,  but  which  are  not  represented  in  the 
picture.  It  will  be  helpful  to  keep  in  mind  this  generalization 
in  considering  the  next  class  of  changes  in  the  content  of  the 
imagery,  the  memory  illusions. 

(b)  Memory  Illusions.  If  the  term  were  taken  in  its  strict- 
est sense  it  might  be  demanded  that  only  those  cases  should  be 
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called  memory  illnsions  which  were  due  to  false  recognitive 

conjtciousness.  I  shall,  however,  not  so  Umit  the  term,  but 
sbalt  regard  all  wrong  imagery  that  is  accepted  as  correct  as 
memory  iUusioD,  no  matter  what  the  criterion  for  acceptance 
has  been. 

The  general  frequency  of  illusions  could  not  be  determined 
definitely  in  the  present  study  because  of  the  fact  that  time 
never  permitted  the  subject  to  give  a  really  complete  descrip- 
tion of  the  details  of  his  imagery.  But  taking  the  results  as 
they  stand,  they  show  a  large  percentage  of  illusion.  Its 
amount  varied  much  with  the  difierent  subjects,  and  more  still 
with  the  different  pictures.  For  some  pictures  some  subjects 
never  made  any  misstatements,  For  other  pictures  some  sub- 
jects, in  individual  cases,  described  three-fourths  of  the  details 
wrongly.'  Taking  the  more  marked  instances  of  memory  illu- 
sions, 280  cases  in  all,  we  find  the  following  individual  differ- 
ences among  the  five  subjects: 

Subjects,  123  45 

Per  cent,  of  illusion,     17%        25%        9%  29%      32% 

The  conditions  of  the  experiment  were  the  same  for  the  first 
three  subjects;  for  the  fourth  and  fifth  the  nunil>er  of  pictures 
in  a  group  and  the  time  allowed  for  learciug  a  group  were  less, 
and  the  intervals  between  successive  recalls  were  greater.  The 
individual  differences  were  probably  due,  in  part,  to  this. 
Dividing  the  subjects  into  two  groups  accordingly,  and  figur- 
ing the  percentages  separately  for  each  group  gives: 

Subjects.  123  45 

Per  cent,  of  Ulusion.      33%      49%      18%  42%    58% 

The  first  subject  described  less  of  the  details  in  the  pictures 
than  any  of  the  others.  The  third  gave  his  Introspections  in 
cou^iiderably  more  detail  than  any  of  the  others,  tbuugb  not 
describing  mure  uf  the  details  in  the  pictures.  This  led  to 
greater  discrimiDation  in  the  characteristics  of  the  imagery, 
etc.,  and  made  him  more  guarded  in  his  statements  as  to  what 
he  really  accepted  as  correct.  Nothing  further  was  found  that 
might  account  for  the  individual  differences  in  the  amouut  of 
memory  illusion. 

There  was  some  data  also  on  the  relation  of  the  amouut  of 


^  Several  recent  memoiy  atadies  give  tetalta  on  the  freqoeBcy  of 
memory  IHusiou.  They  show  very  greal  rartations  in  the  amount  of 
illimioD  K8  dey)eijdci]t  on  the  differeut  kinds  of  niaierisl  to  be  renieiD- 
bcred,  and  other  conditions.  Id  ibe  gcueral  svcrage  it  amonnis  to 
al>out  70%.  I  have  summarixcd  mostof  ihescresulta  in  another  place. 
See  "Recent  Siudies  o(  Normal  Illusioas  oi  Memory,"  Am,  Jour.  Piy., 
1905.  PP-  389  £f. 
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memory  illusion  to  the  lapse  of  time  and  the  rcpetJtton  of  re- 
call. At  least  the  6rst  recall  compared  witb  any  of  the  later 
ones  gives  considerably  IcsA  Illusion.  Taking  the  same  280 
cases  used  above  gives  the  foUowiug  distributJou  for  the  differ* 
cot  recalls: 


ist  Retail. 

15% 


and  Recall. 
30% 


3rd  Recall. 
25% 


4th  Recall. 


The  results  do  uot  permit  a  deBuite  statement  as  to  why  the 
amouat  of  illusion  did  not  increase  regularly  with  the  lapse  of 
time,  but  several  factors  should  be  taken  into  account.  First, 
a  number  of  the  illusions  thai  were  present  in  the  first  recall 
remained  fixed  throughout.  Secondly,  in  the  later  recalls 
many  of  the  details  in  the  pictures  were  forgotten  altogether, 
thus  eliminatiug  the  possibility  of  making  misstatements  about 
them.  Thirdly,  the  cfBciency  of  the  difierent  criteria  of  cor- 
rectness did  not  decline  at  the  same  rate  as  did  the  ability  to 
recall  details  at  all.  Thus  the  amouat  of  illusion  in  any  given 
recall  might  be  more  or  less  than  it  had  been  previously  ac- 
cording as  these  various  factors  were  related  to  each  other  at 
the  given  time.' 

An  attempt  lo  classify  the  memory  illusions  for  the  sake  of 
describing  their  general  character  ^om  the  standpoint  of  the 
details  in  the  pictures  that  were  changed  soon  revealed  the  fact 
that  they  were  literally  of  all  sorts.  The  range  of  their  variety 
seemed  limited  ouly  by  the  possibilities  of  the  things  repre- 
sented by  the  pictures.  Any  change  in  the  object  represented, 
which  would  not  make  it  different  from  what  the  object  ever 
actually  is,  might  be  introduced.  Different  groupings  bring 
out  different  aspects  of  the  tendency  to  illusion.  Thus  (a) 
with  reference  to  the  pictures  described,  details  not  in  the  pic- 
ture might  be  added,  or  the  presence  of  some  that  were  there 
might  be  denied,  or  the  number  of  parts  of  one  class  in  a  pic- 
ture changed.  The  relative  position  of  different  parts  were 
changed,  the  form  of  a  part  described  differently  from  what  it 
was,  or  the  position  of  the  picture  as  a  whole  changed  so  as  to 
give  a  different  view  of  the  object  represented.  Taking  an- 
other standpoint  of  classification,  (b)  witb  reference  to  their 
permanency,  some  remained  unchanged,  as  already  stated  with 
regard  to  some  of  those  that  appear^  in  the  first  recall.  In  a 
good  many  cases  the  subject  wavered  back  and  forth  between 
two  statements,   one    or    both    of   which    might,    in  a  pre* 


1  Some  fignres  from  othCT  memory  atndie*  ahow  aometbinfc  of  the 
relattou  of  tbc  amoaot  of  Illusion  to  the  lapse  of  time.  ThetcaU 
Agree  in  showing  tome  increase  with  snccesslve  recalls.  See  sam- 
mary  of  stadies  of  ntemory  illusion  referred  to  atxive,  jlfK.  four,  Psy., 
1905.  P-  393- 
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vious  recall,  have  been  regarded  as  ancertain.  A  smaller 
uuniber  cIiaaKed  to  a  third  and  even  fourth  charscteristic, 
without  reverting  to  a  former  one.  Classifying  them  {c}  with 
reference  to  the  way  in  which  they  entered,  three  sub-classes 
may  be  noted.  In  the  majority  of  cases  the  details  in  question 
were  simply  visualized  wrongly  but  'recognized'  as  correct. 
No  immediate  clue  to  their  origin  was  given.  Many  belonged 
to  a  class  oiten  noticed  by  casual  observers.  Details  would  at 
first  be  described  wrongly  but  with  uncertainty,  or  regarded 
as  mere  irrelevant  imagery  minus  all  memory  sanction.  Later 
the  same  description  wonld  be  given,  but  without  the  previous 
oncertaintj";  it  would  be  regarded  as  correct.  A  few  clear 
cases  occurred  in  wliich  the  subject  simply  reasoned  wrongly 
in  reconstructing  bis  total  image.  He  inferred  that  a  detail 
must  be  so,  on  the  basis  of  what  be  did  remember  of  the  pic- 
ture or  knew  of  the  object,  overlooking  some  other  possibility. 
Figures  may  be  given  for  the  classification  from  the  first  of 
these  three  standpoints  (a)  above.  For  they  will  reinforce  a 
generalization  of  importance  already  suggested,  with  reference 
to  their  causes.  Taking  the  2S0  cases  used  before,  three  classes 
may  be  made  that  cover  all  but  17%  of  the  total  number. 
These  are  (i)  relation  of  parts  changed,  (2)  the  form  of  a  part 
changed,  (3)  the  position  of  the  picture  as  a  whole  changed, 
giving  a  different  view  of  the  object  represented,  (4)  the  mis- 
cellaneoua  group  containing  the  remainder  of  the  cases,  details 
added,  details  that  were  present  denied,  and  the  namber  of  a 
class  of  things  in  a  picture  changed.  The  percentages  of  cases 
belonging  to  thej^e  classes  are  then  as  follows: 

1234 

16%  34%  33%  17% 

In  considering  these  figures  it  must  be  noted  that  ten  of  the 
thirty  pictures  used  were  of  such  a  nature  as  could  not  be 
affected  by  the  first  class  of  illusions,  their  being  no  parts  to 
the  objects  represented  whose  relations  could  be  changed  and 
still  leave  the  objects  as  they  ever  actually  are.  Oa  the  other 
hand,  it  should  be  remembered  that  there  was  much  less  occa- 
sion  for  the  third  class  to  be  numerous  than  there  was  for  the 
first  or  second;  for  there  were  necessarily  much  fewer  whole 
pictures  thau  there  were  parts  in  all  the  pictures.  This  brings 
out  the  fact  that  there  was  a  .specially  strong  tendency  to  illu* 
sioQ  of  the  third  sort;  we  may  safely  say,  more  than  twice  as 
great  as  for  any  other  of  these  classes^  although  only  33%  of 
the  cases  belong  to  it. 

(c)  Causes  of  Changes.  A  determination  of  the  special 
causes  of  the  changes  in  the  content  of  the  imagery  with  the 
lapse  of  time  is  in  the  present  study  for  the  most  part  a  matter 
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of  interpretation.  Brtogiog  together  a  DtitDber  of  salient  fea- 
tures that  the  general  analysis  has  revealed  will  throw  some 
light  on  this  questiou.  lo  the  first  place,  it  seeuis  quite  evident 
that  the  conscious  changes  and  the  memory  illusions  are  both 
due  to  one  and  the  same  general  cause.  This  is  expressed  in 
the  generalization  already  made  that  the  imagery  of  the  picture 
tends  to  the  imagery  of  the  object  represented  by  the  picture. 
Whether  or  not  the  change  will  be  a  memory  illusion  or  the 
subject  be  conscious  that  it  is  a  change  depends  on  special  and 
largely  quite  incidcnial  conditions.  The  validity  of  this  gen- 
eralization follows  from  the  fact  that  both  the  conscious  changes 
and  the  memory  illusions  were  of  almost  unlimited  variety, 
but  were  never  incousisteot  with  the  possibilities  of  the  object. 
As  stated  of  the  illusions,  any  change  might  occur  which  was 
not  different  from  what  the  object  ever  actually  is.  It  is  rein- 
forced by  the  special  prominence  of  the  imagery  of  color  aud 
motion,  and  by  the  predominance  of  memory  illusious  that 
involved  a  changed  position  for  the  object,  the  object  turned 
around  somewhat  as  a  whole.  The  last  could  occur  for  the 
imagery  of  the  object  without  changing  the  object,  but  it  could 
not  occur  for  the  imagery  of  the  picture  without  changing  the 
picture. 

Some  reasons  may  be  given  why  there  should  be  this  tend- 
ency for  the  imagery  to  change  to  that  of  the  object.  The 
first  three  are  facts  of  observation  in  tlie  present  study.  In 
the  first  place  the  general  spontaneity  of  the  correct  imagery. 
the  imagery  of  the  picture  as  seen,  declined  with  the  lapse  of 
time.  The  more  this  was  true  the  more  was  given  the  possi- 
bility for  imagery  of  the  object  to  present  itself.  Secondly, 
spontaneity  was  to  some  degree  a  criterion  for  accepting  im- 
agery as  correct  and  lack  of  it  for  rejecting  it  as  wrong,  giving 
a  further  cau.<!e  for  the  right  imagery  to  drop  out  and  the 
wrong  to  remain.  Thirdly,  the  intensity  of  direct  recognitive 
con.-;ciousness  dccrca.sed,  and  thus  permitted  the  elimination  of 
the  light  imagery  in  favor  of  other  imagery  that  was  wrong. 
These  are  negative  causes,  favoring  the  decline  of  the  imagery 
of  the  picture  as  seen.  On  the  other  hand,  it  may  be  said 
that  the  objects  represented  rather  than  the  parlicnlar  pictures 
of  the  objects  were  more  matters  of  everyday  experience  of  the 
subject.  The  two  were  undoubtedly  somewhat  different  in 
every  case.  Thus  the  imagery  of  the  object  was  the  more 
usual,  customary,  habitual,  and  the  mind  in  making  the  sub- 
stitution simply  followed  the  law  of  habit-  This  is  a  general- 
ization that  has  already  been  made  from  other  memory  studies, 
and  the  tendency  in  question  may  be  accepted  as  a  factor  here. 
But  there  are  additional  reasons  why  this  should  be  so  for  the 
memory  for  pictures.     Pictures  as  such  have  not  the  interest 
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and  emotional  coloring  that  belong  to  the  objects.  Snch  emo- 
tional colnring,  when  it  tftkca  possession  of  consciousness, 
brings  with  it  the  visual  imagery  with  which  it  is  connected. 
Again,  in  so  far  as  meaaiDg  and  interpretation  is  read  into  the 
picture  at  all,  so  far,  of  course,  the  picture  ceases  to  be  what  it 
is  and  becomes  the  object.  The  picture  just  to  this  extent 
creates  the  tendency  to  substitute  the  imagery  of  the  object  ia 
its  natural  setting. 

A  few  thiugs  further  may  be  noted  iu  summary  in  regard  to 
what  determines  whether  a  change  that  has  taken  place  in  the 
imagery  shall  be  a  conscious  change  or  memory  illusion.  We 
have  found  two  general  checks  to  illusion  when  wrong  imagery 
appeared.  First,  recognitive  consciousness,  although  declining 
in  efficiency,  is  more  persistent  than  the  original  spontaneity 
of  the  correct  imagery.  Wrong  imagery  may  increase  in 
amount  and  persistency,  but  the  larger  share  of  it  is  at  once 
recognized  as  wrong.  This  is  in  accord  with  the  fact  found  in 
other  memory  studies  which  shows  that  more  things  can  be 
recognized  as  belonging  to  a  previous  experience  when  given  a 
second  time  together  with  others  than  can  be  directly  recalled 
without  such  second  presentation.  Secondly,  inference  from 
other  remembered  or  known  facts  prevents  illusion.  Clearly 
this  is  what  prevented  imagery  of  color  and  of  motion  from  be- 
coming illusion.  If  Mme  of  the  pictures  had  been  colored,  or 
if  they  bad  been  objects,  some  of  them  in  motion,  mistakes 
would  undoubtedly  have  occucred  by  attributing  color  or  mo- 
tion to  individual  cases  where  uone  had  been  present.  As  it 
was.  the  subject  could  hardly  forget  that  no  color  or  motion 
belonged  to  any  of  the  pictures.  In  the  case  of  imaging  the 
object  represented  in  the  position  represented  in  the  picture 
there  was  no  such  check.  The  object  could  be  imaged  from 
any  side  or  turned  in  any  way.  No  generalization  that  might 
have  been  remembered  applied,  and  we  have  consequently 
many  illusions  belonging  to  this  class. 

Finally,  the  varying  relations  of  all  these  factors  that  pro- 
duce changes  iu  the  content  of  the  imagery  account  for  the 
fact  that  the  course  of  the  increase  in  memory  illusion  through 
the  four  recalls  was  not  the  same  as  was  the  course  of  increase 
in  the  conscious  changes. 

E.      SCUMAKY. 

In  the  experiments  above  described  the  subjects  all  learneil 
the  pictures  in  regular  order  from  left  to  right  and  from  the 
top  downwards.  They  also  all  alternated  looking  at  the  pic- 
tures with  trial  recalls,  giving  about  half  the  time  to  the  latter. 
Their  stated  purpose  in  this  was  to  determine  what  needed 
special  attention  and  what  could  already  be  recalled.     While 
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looking  at  tb«  pictures  the  attCDttoD  went  predominantly  to 
noting  the  details  visually.  In  the  trial  recalls,  however,  the 
effort  was  predominantly  to  recall  the  series  of  names  of  the 
objects  represeoied.  Calling  the  visual  method  the  direct 
method  of  learning,  certain  aids  to  the  visual  process  were 
used.  These  were  the  names  of  the  thiugs  in  the  pictures, 
verbal  description  of  their  details,  and  assuciatious  with  indi- 
vidual pictures  and  between  different  pictures.  The  u&e  of 
verl>al  description  for  details  was  very  rare.  The  use  of  asso- 
ciations  was  abundant.  They  were  easily  obtained,  and  were 
of  a  large  variety. 

Factors  determining  the  order  of  recall  of  the  pictures  ga\'e 
some  evidence  as  to  the  factors  present  and  their  relative  e£B> 
dency  in  the  recall  of  the  pictures  as  wholes.  The  order  of 
learning  was  followed  in  the  first  recall,  but  this  order  broke 
up  gradually  with  the  lapse  of  time.  Factors  that  tended  to 
breakup  the  origiual  order  ntre:  (i)  Differeuces  in  the  in- 
herent spontaneity  of  the  imagery  for  the  different  pictures; 
(3)  Special  prominence  o£  the  imagery  of  associations;  (3)  A 
general  visual  image  of  the  regular  arrangement  of  squares  in 
which  the  pictures  were  placed. 

Associations  were  abundantly  n.'Kd  in  getting  the  visual 
image  of  a  picture  as  a  whole  iu  the  first  recall.  Approxi- 
mately a  third  of  them  were  not  so  used  in  the  later  recalls. 
When  the  associations  appeared  after  the  visual  images  of  the 
pictures,  they  practically  never  reinforced  recognitive  certainty; 
they  were  not  needed  for  this  purpose.  Changes  occurred  in 
the  nature  of  the  as-sociations  and  the  mauuer  of  their  use  with 
the  lapse  of  time.  The  imagery  of  the  associations  together 
with  that  of  the  associated  pictures  constitnted  a  loose  com- 
plex. Time  produced  a  gradual  elimination  of  the  associaiiuns 
from  this  complex,  which,  with  many  exceptions,  ran  roughly 
as  follows:  (t)  The  association  appeared  before  any  of  the 
associated  pictures  were  recalled.  (2)  It  appeared  after  the 
first  or  second  was  recalled.  (3)  It  appeared  after  all  were 
recalled.  {4)  It  did  uot  appear  at  all.  A  second  class  of 
changes  consisted  iu  a  rapid  simplification  of  the  imagery  of 
the  associations.  In  this  a  final  stage  before  complete  elimina- 
tion was,  in  17%  of  the  cases,  the  mere  'feeling'  that  there  had 
been  some  a-Hsociation  before. 

Verbal  imagery  used  iu  recall  was  that  of  the  description  of 
details,  and  naming.  Verbal  description  used  in  learning  was 
never  used  later  in  recall.  Verbal  description  used  in  an  intro- 
spective recall  was  .■mmctimes  remembered  in  a  following  one. 
but  the  subject  made  little  use  of  such  verbal  memory,  and 
put  little  reliance  on  its  accuracy.  The  naming  of  the  thing 
m  the  picture  followed  its  visual  image  reflexly,  or  an  auditory 
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Image  of  the  name  preceded  or  followed  the  vitmnl  image. 
When  it  followed  the  visual  it  never  influenced  recognitive 
certainty.  In  13%  of  the  cases  it  preceded  the  visa  a  1  image 
and  was  thus  used  iu  recall.  In  83%  the  visual  preceded,  aad 
in  6%  the  two  seemed  simultaneous.  The  priority  of  the  vis- 
ual image  increased  about  10%  during  the  later  recalls,  as 
compared  with  the  first. 

Two  Iciuds  of  visual  imagery,  aside  from  visual  imagery 
involved  in  associations,  often  preceded  the  visual  image  of  the 
picture.  These  were  a  visual  image  of  the  rectangular  piece 
of  paper  with  its  regular  arrangement  of  .squares,  and  tbe 
image  of  a  dark,  otherwise  quite  characterless  blotch  in  the 
place  of  a  picture  in  a  square.  The  former  varied  considerably 
in  its  general  character.  Its  main  function  seems  to  have  been 
that  of  guiding  and  fixing  atteution  in  the  effort  to  recall  indi- 
vidual pictures.  Tbe  latter  did  not  vary  in  character  for  dif- 
ferent pictures;  it  served  no  function  that  could  be  determined. 

The  recall  of  details  of  a  given  picture  was  necessarily  a 
process  of  some  duration.  Some  differences  in  the  character 
and  manner  of  recall  were  found  for  what  appeared  first  and 
last  iu  that  process.  The  part  recalled  first  consisted  of  the 
easiest  details,  which  were  apt  to  be  the  same  in  successive 
Tccatts,  with  the  nature  of  tbe  content  of  their  imagery  fixed, 
and  the  subject  certain  as  to  its  correctness.  For  the  last  part 
the  details  entering  varied  more,  the  nature  of  the  imagery 
was  uot  so  fixed,  and  the  subject  was  less  certain.  Tbe  two 
were  often  separated  by  a  considerable  lime  interval. 

The  recall  of  details  was  further  a  process  of  reconslrudian, 
a  reconstruction  by  means  of  eliminating  wrong  imagery  more 
than  one  of  producing  imagery  that  was  right  in  the  first  place. 
The  criteria  by  means  of  which  imagery  was  judged  right  or 
wrong  or  because  of  which  it  was  accepted  or  rejected  thus 
become  the  essential  part  in  the  actual  recall  process.  Se\-eral 
such  criteria  were  made  out.  (i)  Direct  recognition,  using 
the  term  in  its  limited,  technical  sense.  (2)  Special  inherent 
spontaneity  of  tbe  imagery  frequently  led  to  its  acceptance, 
especially  in  the  absence  of  other  criteria.  But  this  character- 
istic was  very  readil}'  discarded  as  evidence  of  correctness  iu 
the  presence  of  even  a  very  slight  degree  of  recognitive  con- 
sciousness attaching  to  other  imagery.  (3)  The  absence  of 
rival  imagery  increased  the  tendency  to  accept  whatever  did 
present  itself.  (4)  loference,  using  the  term  iu  a  very  loose 
way.  was  a  prominent  method  of  deciding  on  the  correctness 
of  imagery.  Without  special  and  minute  attention,  the  sub- 
ject found  it  generally  very  difficult  to  discover  that  this  had 
been  his  method  iu  cases  where  actually  it  was  so.  Infercncea 
were  made  on  the  basis  of  details  already  definitely  recalled, 
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and  on  the  basis  of  what  tfae  snt^cct  knew  ebout  the  things 
represented  in  the  pictures.  Indirect  evidence  from  the  mem- 
ory illustons  also  indicates  that  this  played  a  large  rdle  in  re- 
call.  These  ^veral  criteria  changed  somewhat  with  the  lapM 
of  time.  First,  the  general  spontaneity  of  the  correct  visual 
imagery  decreased.  Second,  the  intensity  of  recognitive  con- 
sciousness decreased.  Third,  rival  imagery  dropped  out  in 
!H>iiie  cases;  in  other  instances  it  appeared  where  it  had  not 
been  before. 

Changes  tn  the  content  of  the  imagery  that  occtirred  may  be 
described  as:  (i)  Conscious  changes,  wrong  imagery  which 
the  subject  knew  to  be  wroug,  and  (2)  Memory  illusion.  In 
the  majority  of  cases  of  conscious  changes  the  subject  knew 
the  imagery  to  be  wrong  by  direct  recognition.  Such  imager>' 
increased  very  much  with  the  lapse  of  time,  and  had  in  some 
cases  the  further  characteristic  of  a  high  degree  of  persistence. 
In  a  second  class  of  conscious  changes  the  imagery  was  in- 
ferred to  be  wrong  from  other  data  recalled  or  known.  Among 
these  the  tendency  to  visualize  color  and  motion  in  the  pictures 
is  of  special  significance.  These  were  always  the  natural  col- 
ors and  motions  of  the  objects  represented.  This  tendency  to 
color  and  motion  also  increased  quite  regularly  from  10%  of 
the  total  number  in  the  &rst  recall  to  42%  in  the  fourth.  The 
memory  illusions  .showed  great  variation  iu  their  general  fre- 
quency for  the  different  subjects  and  for  the  different  pictures. 
Fifteen  per  cent,  of  the  total  number  occurred  in  the  first  recall, 
with  30%,  35%,  and  30%  for  the  second,  third  and  fourth 
recalls  respectively.  There  was  some  additional  evidence  that 
a  changing  relationship  of  seyeral  factors,  militating  both  for 
and  against  the  illusions,  determined  their  relative  frequency 
at  any  given  time.  From  the  standpoint  of  the  details  in  the 
pictures  that  were  changed  the  illusions  were  limited  in  variety 
apparently  only  by  the  possibilities  of  the  objects  represented, 
any  change  being  likely  to  occur  that  did  not  make  the  object 
different  from  what  it  ever  actually  is.  Making  an  arbitrary 
classification  from  this  standpoint  showed  that  there  was  a 
specially  strong  tendency  to  illusion  of  the  position  of  the  ob- 
ject represented,  /.  £.,  a  changed  view  of  the  object. 

One  and  the  same  general  cause  produced  both  consciotis 
changes  and  memory  illusions.  This  was  the  tendency  0/  the 
imagery  of  the  picture  to  change  to  the  imagery  of  the  object  rep- 
resented.  Special  reasons  why  this  should  occur  are:  ( r )  The 
spontaneity  of  correct  imagery  declined  with  the  lapse  of  time. 
(2)  Spontaneity,  or  lack  of  it.  wa.*  tosomc  degree  a  criteriou  for 
accepting  imagery  as  correct  or  for  rejecting  it  as  wrong.  (3) 
The  intensity  of  direct  recognitive  consciousness  decreased. 
(4)  The  object  rather  than  its  picture  was  more  a  matter  of 
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everyday  experience,  and  its  imagery  readier,  and  more  habit- 
ual. (5)  More  interest  and  emotional  coloring  belongs  to  ob- 
jects than  to  their  pictures.  (6)  To  the  extent  that  the  picture 
represents  and  suggests  the  object  the  imagery  of  the  object  is 
already  given. 
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Grouping  of  theorie*. 

Humorous  iinil  nun-bntnurotiii  tttimtili. 

The  nature  and  origta  tt  humor  as  •  ueotal  proccts. 

Punclions  of  hnninr. 

a.  P9ycbolDgti;al  c.     Bio1(K(ic«I 

b.  PbysioIoKical  d.    Sociological. 

I.     Introddction. 

Voltaire  is  said  to  bave  observed  tbat  Heaven  bas  given  os 
two  things  to  counterbalance  the  many  miseries  of  life, — hope 
and  sleep.  To  these  Immanuel  Kant  adds  a  third,  laughter. 
No  stimulus,  perhaps,  more  mercifully  and  effectually  breaks 
the  surface  tension  of  con.^ciousncss,  thereby  conditioning  it 
for  a  new  forward  luorement,  tban  humor.  It  is  the  one  uni- 
versal remedy;  a  medicine  for  the  poor,  a  tonic  for  the  rich, 
a  recreation  (or  the  fatigued,  a  beneficent  check  to  the  strenu- 
ous, a  shield  to  the  reformer  and  an  entering  wedge  to  the  re- 
cluse. Barter  and  trade  make  a  liberal  use  of  it.  A  German 
writer  observes  tbat  it  is  a  parachute  to  the  balloon  of  life. 
To  cbange  the  figure,  it  is  a  switch  on  the  railway  of  life  pre- 
venting human  collisionB.  It  is  a  universal  solvent  to  human 
temperaments,  and  like  a  touch  of  nature  makes  the  whole 
world  kin. 

"Xenophon  reckons  tbat  the  man  who  makes  an  audience 
laugb  has  done  a  lesser  service  than  the  one  who  moves  it  to 
tears,  but  the  comedian  Philippos,  when  Socrates  asked  bim 
of  what  he  was  proud,  declared,  'I  believe  that  I  ought  to  be 
prond  of  my  right  to  the  gift  of  arousing  laughter,  as  KalH- 
pcdes,  the  tragedian,  of  his  art  in  causing  tears.'  "  '  Lycurgus 
even  erected  a  statue  to  the  god  of  laughter.*  Cicero  says  ihat 
"it  certainly  becomes  the  orator  to  excite  laughter;  either  be- 
cause mirth  itself  attracts  favor  to  bim  by  whom  it  is  raised,  or 
because  all  admire  wit — but  chiefly  because  it  mitigates  and 
relaxes  gravity  and  severity,  and  often  by  a  joke  or  a  laugb 

>Ntck.  Fr. ;  Narrenfeate.  Dd.  I.  3.    ([S6t.) 
Kiccro:  Oratory  aud  Oraton,  p.  289. 

JouauAL  —3 


422 


KLtNB: 


breaks  the  force  of  offensive  remarks  which  cannot  easily  be 
overthrown  by  arguments."  It  has  remained,  however,  for 
the  man  of  modem  science  and  letters  to  indicate  more  specifi- 
cally the  problems  involved  in  the  origin  and  nature  of  humor. 
I  need  hardly  state  that  the  theories  have  multiplied  in  number 
and  refiuemcDt  to  the  point  where  their  eaumeratton  becomes 
tedious.  It  is  a  part  of  the  purpose  of  this  paper  to  go  over  the 
field  with  the  hope  of  discovering  a  point  of  view  that  will  re- 
solve  the  seemingly  diverse  theories  to  a  common  basis  and  to 
restate  more  explicitly  the  psychological  nature  of  humor. 


IL 
Grouping  of  Thborihs. 

Groos'  has  attempted  to  reduce  the  muUtplicity  of  humor 
theories  to  two,  "that  of  the  feeling  of  superiority  and  that  of 
contradiction."  Ribot'  admits  these  as  equally  tenable,  but 
gives  some  space  to  Hecker's  "contrast  and  intermiitence" 
theory  as  a  third.  I  would  add  to  these  three  groups  a  fourth, 
the  "liberty"  or  freedom  theory,  first  advanced  by  A.  Penjon." 

It  appears  that  Hobbes  was  the  first  to  stand  sponsor  for  the 
superiority  theory.  He  expresses  it  as  follows:  "The  passion 
of  laughter  is  uolhing  else  but  sudden  glory  arising  from  sudden 
conception  of  some  eminency  in  ourselves  by  comparison  with 
the  infirmity  of  others  or  with  our  own  formerly."  Sully,*  in 
support  of  the  theory,  points  out  that  "we  laugh  at  all  sorts  of 
littleness,  discomfitures,  nnworthiness  and  so  forth,  proWded 
that  they  are  not  serious  enough  to  excite  compassion,  to  ofiTend 
our  sense  of  decency  or  evoke  other  incongruous  feelings." 
Bain' observes  that  "the  occasion  of  the  ludicrous  is  the  deg- 
radation of  some  person  or  interest  possessing  dignity  in  cir- 
cumstances that  excite  no  other  strong  emotioo.  .  .  .  The 
elemeat  of  the  genuine  comic  is  furnished  by  those  dignities 
that  from  some  circumstance  or  other  do  not  command  serious 
homage."  The  reader  Ls  referred  to  Prof  Bain's  enumeration 
of  the  degradable  quantities.  Another  means  of  degradation, 
according  to  Bergson,'  is  the  mechanization  of  organic  move- 
ments, the  insertion  of  mechanism  in  life  processes.  A  ready 
cKpvrimeut  is  that  of  stopping  one's  ears  to  the  music  of  the 
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dance.  The  motions  of  the  participants  at  oace  become  ludi- 
crous. The  drill  service  of  the  army  recnnt,  the  divinity  stu- 
dent making  his  maiden  effort,  the  new  clerk  at  the  counter, 
the  city  chap  trying  to  be  "handy"  on  the  farm,  in  fact  the 
attempts  of  all  novices  are  ludicrons  because  they  convert 
organic  into  mechanical  movements.  Pnnch  and  Judy,  jnmping 
jocks,  and  all  forms  of  punchinellos  owe  some  of  their  oddity 
to  their  rigid  and  wooden  movcinenls. 

Some  of  the  more  patent  and  random  facts  of  the  superiority 
theory  are  seen  in  the  savage's  laugh  over  a  fallen  foe,  in  the 
practical  jokers  guffaw  at  his  victim,  in  the  soldier's  shouts  of 
victory,  in  the  wild  uproarious  shouts  of  the  winners  in  many 
forms  of  political  and  athletic  rivalry. 

The  theory  of  "contradiction"  or  "incongruity"  has  more 
adherents,  perhaps,  because  the  data  forming  the  general 
notion  is  so  plentiful,  diversified  and  patent.  This  has  led  to 
its  exploitation  along  seemingly  different  lines.  Schopenhauer' 
and  Kant  and  their  commentators  hold  that  the  humorously 
incongrnent  coiis.isis  in  a  comparison  between  a  nonn  and  its 
imperfections.  For  Schopenhauer  the  norm  is  a  concept  and 
the  imperfection  is  resident  in  n  related  percept.  He  says; 
"Therefore  in  everything  that  excites  laughter  it  must  always 
be  possible  to  show  a  conception  and  a  particular;  that  is,  a 
thing  or  event  which  certainly  can  he  subsumed  under  the 
conception  and  therefore  thought  through  it,  yet  in  another 
and  more  predominating  aspect  does  not  belong  to  it  at  all,  but 
is  strikingly  different  from  everything  else  that  is  thought 
through  that  conception."  He  thinks  this  is  an  explanation 
of  the  humor  provoked  by  certain  animal  forms  such  as  apes. 
kangaroos,  jumping  hares,  etc.  There  is  something  about 
these  creatures  resembling  man  which  leads  us  to  subsume 
their  forms  under  the  conception  of  the  human  form,  and 
starting  from  this  we  perceive  their  incongruity  with  it. 
Another  variation  of  the  incongruity  doctrine  consists  in 
grounding  the  comic  on  a  "bafBed  attempt"  to  unite  incou- 
gruous  parts  Into  harmonious  wholes.  The  baffled  attempt 
may  or  may  not  be  conscious.  The  conscious  result  is  de- 
scribed as  a  "delicate,  sudden  sutprise."  Kraepclin'  speaks 
of  it  as  "an  unexpected  intellectual  contrast  which  awakens  in 
us  a  contention  of  Ecsthelic,  ethical  or  logical  feelini^s  with  a 
preponderance  of  pleasure."  Dr.  G.  Stanley  Hall*  explains 
wit  by  this  sort  of  incongruity  which  he  tbitiks  functioas  as  a 
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shock  to  the  psychophysical  organism.  The  common  mind 
even  spealcs  of  being  shocked  by  nits,  jokers  and  punsters. 
Bain  admits  that  the  incongruous  is  ludicrous  if  it  is  degrading, 
white  Spencer'  urges  its- efficacy  to  produce  laughter  if  it  is  de- 
scending but  not  necessarily  degrading.  Groos  observes  that 
these  two  theories  (suiwrriorily  and  incongniity),  are  by  no 
means  exclusive  the  one  of  the  other,  but  that  they  are  only 
opposed  in  That  each  accuses  the  other  of  failure  to  cover  all 
the  facts.  Sully  and  Kibot  attempt  to  harmonize  them  ou  an 
evolutionary  basis.  The  degradation  theory  explains  the 
humor  of  the  primitive  mind,— the  mind  that  gloried  in  the 
sudden  sense  of  physical  power  and  physical  \'tctory,  while 
the  modern  mind  finds  enjoyment  in  incongruities,  "in  those 
fugitive  and  subtle  contradictions  which  constitute  the  princi- 
pal element  of  the  comic  to  be  caught  on  the  wing."  Groos 
absorbs  both  theories  in  one  by  considering  the  appreciations 
of  the  comic  as  a  form  of  play  grounded  ou  the  instinctive  in- 
dulgence of  the  fighting  impulse,  aided  and  enlarged  by  the 
ideas  of  contrast. 

Ribot  calls  attention  to  the  fact  that  the  uature  of  laughter 
(the  comic)  would  be  very  incompletely  known  were  we  to 
con6ne  ourselves  lo  pure  psychology.  Humor  is  a  psycho- 
physical phenomenon  writ  large,  of  which  laughter  is  the 
physical  aspect.  The  causes  of  physical  laughter  arc  legion, 
and.  as  Darwin' has  observed,  extremely  complex. 

Spencer  was  the  first  to  consider  and  develop  a  satisfactory 
theory  of  the  physiology  of  laughter.  He  points  out  three 
possible  channels  through  which  nerve  centres  in  a  state  of 
tension  may  discharge  themselves.  One  group  discharges  in- 
to other  cortical  centres  which  have  no  connection  with  the 
bodily  members,  a  second  group  discharges  into  motor  centre* 
and  thereby  causes  muscular  contractions,  a  third  may  pass  on 
the  excitement  in  centres  which  discharge  into  the  viscera. 
The  channels  which  discharge  into  the  motor  centres  may  cause 
laughter.  "Langhter,  then,  is  a  form  of  muscular  excitement" 
and  so  illustrates  the  general  law  that  feeling  passing  a  certain 
pitch  habitually  vents  itself  in  bodily  action.  The  movements 
of  laughter  are  without  purpose  and  aim.  They  yield  no  prod- 
uct. In  this  respect  they  are  similar  to  shivering,  to  certain 
automatisms  and  to  some  forms  of  imitation  and  play.  They 
seem  admirably  fitted  as  spill-ways  for  unconirt>llcd  energy. 
And  herein  lies  the  explanation  of  why  certain  classesof  muscles 
are  affected  first  and  then  certain  other  classes.     "For  aaover> 
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flow  of  nerve  force  uodirected  by  any  motive  will  manifestly 
take  the  most  habitual  routes,  aod  if  these  do  oot  suffice  will 
Dcxt  ovcrllow  into  ihu  less  habitual  ones."  The  organs  of 
speech  furnish  and  are  therefore  the  most  frequent  outlets  for 
feeling.  The  muscles  around  the  mouth  are  small  and  easy  to 
moveaud  are  the  6rst  to  coutract  under  pleasurable  emotions. 
The  mouth  movements  are  followed  in  order  by  those  of  res- 
piration, then  by  those  of  the  upper  limbs,  and  if  these  latter 
are  not  sufficient,  the  more  central  and  fondamtnlal  muscltsof 
the  head  and  body  are  brought  into  action  producing  the 
"hearty  laugh."  This  explanation  of  the  physical  aspect  of 
laughter  has,  so  far  as  I  know,  beeu  generally  accepted  in  its 
main  features. 

In  1873.  thirteen  year*  after  Spencer's  paper,  £wa!d  Hecker* 
published  his  unique  "contrast  and  intermittence"  theory,  in 
which  the  physical  aspect  receives  due  attention.  On  account 
of  its  interest  jrom  an  historical  staudpoint  it  is  here  briefly 
presented. 

t.  The  vasomotor  nerves  which  regulate  the  calibre  of  Ifae 
smaller  arteries  catk  be  excited  reHcxIy  by  nfferent  impulses 
conveyed  either  from  the  blood  vessels  themselves  or  from  the 
end  organs  of  the  sensory  nervous  system. 

J.  Those  parts  of  the  body  rich  in  small  blood  vessels  con- 
taJDtng  vasomotor  nen.'es  will  experience  wide  volumetric 
changes. 

3.  Of  such  parts  the  brain  is  chief.  lis  delicate  structure, 
its  bony  case  and  its  large  volume  of  blood  together  with  other 
fluids  make  it  highly  important  that  the  inflow  and  outflow 
of  bIcKKi  be  safely  regulated. 

4.  Such  regulation  is  accomplished  in  two  ways,  (a)  by 
changes  in  the  calibre  and  the  tonus  of  the  blood  vessels  as  in* 
dicated  in  priuciple  i  above,  (b)  by  the  rhythmic  chauges  in 
the  intra- thoracic  cavity  due  to  respiratory  processes. 

Heckcr  inferred  from  .scattered  bits  of  experimental  evidence 
that  tickling  acts  as  a  reflex  stimulus  to  the  vasomotor  nerves, 
which  in  turn  narrow  the  calibre  and  increase  the  tonus  of  the 
cerebral  blood  vessels,  the  result  of  which  is  to  force  the  blood 
from  the  brain  cavity,  thereby  inducing  anxmia.  It  is  further 
argued  that  inspiration  co-operates  with  tickling  in  causing 
anaemia  while  expiration  checks  the  blood  flow  from  the  brain, 
thereby  restoring  normal  blood  pressure.  Auy  device,  there* 
fore,  which  prolongs  expiration  tends  to  correct  the  anxmic 
condition.  For  Hecker  laughter  is  such  a  device;  it  is  a  bio- 
logical activity  developed  through  natural  selection  like  any 
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other  survival- value  process.  The  laugb  i^  a  powerful  reflex 
movement  wbicb  compensates  for  the  diminished  blood  pressure 
caused  by  the  ticltle. 

We  are  not  sure,  however,  that  an  anjcmic  condition  of  the 
brail)  favors  laughter;  it  is  a  mere  inference.  A  case  can  be 
mudc  out  iu  favor  of  hypera;mia  and  laughter, '  not  to  mentiou 
the  fact  that  the  presence  of  vasomotor  nerves  in  the  vessels  of 
the  cortex  is  siill  unproven.' 

Hecker's  psychical  account  of  laughter  is  grounded  on  the 
physical.  Laughter  as  a  mental  prf>ccss  consisL*;  of  an  acceler- 
ated contention  of  feeling,  of  a  hither  and  thither  fluctuation 
between  the  pleasant  aud  the  unpleasant  in  which  the  uopleasaut 
aspect  is  neglected,  that  is.  is  unconscious.  Continued  con- 
tention between  the  two  feelings  pr(xliu-e.s  mntual  intensifica- 
tion until,  as  in  the  comic,  "pleasure  is  passing  over  into  pain 
and  pain  into  pleasure."  This  intermittent  feature  of  the 
comic  is  analc^ous  to  that  of  the  physical  tickle,  produciug  a 
similar  anaemic  condition  of  the  brain.  Here  again  physical 
laughter  restores  the  normal  blood  pressure  by  prolonging  the 
respiratory  process.  The  defects  in  this  theory  have  been 
pointed  out  by  Hoeffding'  and  Upps,*  by  the  latter  at  great 
length. 

The  potency  of  these  time  honored  theories  stubbornly  to 
resist  a  Hegelian  synthesis  and  to  perpetuate  the  irreconcilable 
camps  is  uniqtiely  demonstrated  by  Miss  L.  J.  Martin,*  in  her 
paper  on  thc"Psychology  of  .-Esthetics, "  Miss  Martin  presented 
lo  the  view  of  her  reagents  a  pictorial  caricature  on  the  pbrase. 
"Spring,  gentle  Spring"  by  Mr.  Kemble,  of  Lt/e.  They  were 
asked  among  other  things  to  assign  a  cause  for  the  comic  iu  the 
picture.  Concerning  "sTipcriority  and  degradation,"  thirty- 
seven  of  the  reagents  have  a  feeling  of  superiority  in  connec- 
tion with  the  Kemble  picture.  The  remaining  twenty-three 
report  themselves  as  having  uo  such  feeling,  while  a  hundred 
and  eighteen  interpret  it  under  some  variety  of  Schopenhauer's 
"contrast  theory." 

The  sections  that  follow  consider  the  "Liberty"  theory 
and  its  possibilities  for  absorbing  its  predecessors. 

III.     Humorous  and  Non-Humoxous  SriutJU. 

The  immensity  of  space,  the  infinitude  of  time,  the  alterna- 
tion of  day  aud  night,  the  movements  of  the  heaveuly  bodies, 

'StewMt:  Manual  of  Pbyxiolo^y.  pp.  354-355. 
■American  Text  Book  of  Physiology,  p.  304. 
■Hocffding,  H»r«I(l:  Outlinc«o(  Pnychology,  pp.  a9l-»9S. 
'Lipps,  TEcD<lor:  Kouiik  und  Humor,  pp.  9-15 

I'Martln,  L.  J.:  Psychology  of  Jisthcttcs,  Amertcam  Journal  iff 
Psychology,  Vol  XVI,  pp.  108-109. 
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all  rhythmical  changes,  never  inspire  humor.  The  same  thing 
is  ap|>arently  true  of  all  physical,  chemical,  and  mathematical 
laws,  and,  likewise,  of  the  macroscopic  things  of  earth,  the 
waters,  tidal  movements,  cataracts,  mountains  and  forests, 
deserts  and  plains.  According  to  Schiitze,'  dead  things, 
rocks,  stones,  rivers,  are  never  laughable  unless  human  quaH> 
ties  are  ascribed  to  them.  Bergson  declares  "There  is  no 
comic  outside  of  what  is  properly  bumaa."  Organic  life  in 
the  large,  such  as  swift,  thythmical  movements  of  large  num- 
bers of  animals,  may  inspire  awe  and  dread  but  never  humor. 
The  orderly  expression  of  life  processes,  such  as  the  heart 
beat,  the  mystery  of  sleep,  self-cunscionsnt-ss,  birth  and  death, 
give  no  sense  of  humor.  There  is  a  large  group  of  objects, 
situations  and  actions  which  incite  feelings  of  disgust,  of 
loathing  aiid  even  hatred.  Of  objects  there  may  be  meutioued 
parasites,  creeping,  crawling  and  .slimy  things,  all  filth,  all 
skin  and  eye  diseases;  and  of  actions,  all  forms  of  tyranny  and 
bullying,  treachery,  poltroonery,  ingratitude  and,  according 
10  Bain,  the  "entire  catalogue  of  the  vanities  given  by 
Solomon." 

There  are  a  large  number  of  objects  which,  so  far  as  humor 
is  concerned,  con.stitutean  indiSt^nrnt  zoue.  Subdued  colors, 
gray  tones,  all  uatural  forms  of  locomotion  and  movements,  all 
common  and  customary  occupations,  all  actions  and  events  of 
familiar  notice  beloug  here. 

By  this  process  of  elimiuatiou  it  appears  that  the  conditions 
averse  to  humor  are,  (i)  the  macroscopic  things  of  the  world 
together  with  their  laws,  order,  harmony,  nod  rhythm.  (2) 
those  things  which  are  inimical  to  life  and  freedom,  (3)  those 
things,  largely  of  the  social  order,  that  have  become  habitual, 
regular  iu  occurrence  and  necessary  to  bumau  comfort.  There 
are  left  for  consideration  animals  and  their  actions,  man  and 
his  actions,  clothes,  customs,  mauners,  words,  language  and 
thoughts. 

I.  Animals,  Small  animals,  like  small  people,  are  more 
likely  to  provoke  humor  than  large  ones.  The  bantams  and 
games  are  the  clowns  and  Don  Quixotes  of  poultrydom>  while 
the  Plymouth  Rocks  and  Shanghais  are  the  prosaic  members. 
The  poodles,  terriers  and  spaniels  are  the  fun  makers  of  the 
kennel,  the  St,  Rfrnards,  great  Danes  and  bull  dogs  command 
our  serious  respect  and  sometimes  more.  When  an  animal  of 
one  class  does  the  task  common  to  an  animal  of  quite  a  differ- 
eut class,  it  is  apt  to  provoke  humor.  Au  ox  iu  shafts  drawiug 
a  top  buggy;  mules,  asses  or  buffaloes  running  a  race;  an  ele- 
phant drawing  a  chariot  are  examples.   But  if  the  aulDul  is  set 


iSehfltse*  Stepheo:  Vertach  eiaer  Tbeotie  dei  Eomlicheii,  p.  jfi,  1817. 
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to  doing  a  human  task  the  humor  is  intensified.  The  inimita- 
ble >^sop,  endowing  animals  with  human  craft  and  qualities, 
made  this  style  of  humor  classical  for  all  time.  It  appears  in 
modern  humor  in  the  doings  of  Johnny  Bear,  in  the  clever 
tricks  of  Brer  Rabbit  aud  Brer  Fox,  and  in  the  conuty  iairs, 
chanty  balls,  political  conventions,  clinics  for  appendicitis  and 
the  like  conducted  by  divers  species  humanly  socialized. 

2.  Man.  Mao  may  provoke  hnmor  by  his  size,  especially 
if  extremes  meet.  The  undersized  is  likely  to  amuse,  espe- 
cially in  his  pretensions  and  pa.<»ions.  Unusual  features,  types 
of  uf^liness.  odd  shapes,  and  FalstafEan  proportions  coutaiu 
humorous  elements. 

3.  Actions.  Miraicryand  all  actionsof  a  pretentious  and  uae- 
lesssort,  and  in  false  time  and  space  relaiiuns  may  provoke  hu- 
mor. All  mimicry  is  humorous,  whether  in  the  form  of  the  puppet 
show,  the  pantomime,  the  burlesque  or  the  comedy.  The  pursuit 
of  uocertaiu  pleasures,^  idle,  and  sometimes  serious,  gallantry, 
premature  and  rustic  courting  readily  classify  with  bumorons 
actions.  Useless  actions  of  the  ideomotor  and  absent  minded 
type  are  the  causes  of  many  of  the  comedies  of  errors  in  every 
day  life.'  Kxamples  are  numerous:  A  young  lady  partially 
disrobed  to  make  a  toilet  &t  the  noon  hour  and  wouud  up  by 
"saying  her  prayers,"  that  beiug  her  usual  next  step  in  the 
e%'cning.  We  recall  also  the  well-known  anecdote  of  Newton, 
who  carefully  put  bis  watch  in  the  kettle,  and  re.sumcd  his 
mathematical  labors  with  the  egg  on  the  table  beside  bim  to 
indicate  the  time.  The  wrong  use  of  objects,  tools  and  ma- 
chinery often  make  an  act  humorous,  for  in.stance,  an  Indian 
purchasing  a  hearse  for  a  carriage  and  takiug  bis  family  to 
church  in  it.  Awkwardness  is  a  common  type  of  action  natu- 
rally humorous.  Any  actiou  ioheremly  serious  may  become 
humorous  by  occurring  cither  out  of  lime  or  out  of  place. 
Singiug  ahead  of  time,  applaudiugaloue,  answering  questions  at 
the  wrong  time  on  formal  occasions,  an  unmindlul  deacon  re- 
moving his  small  coat  with  his  overcoat  and  sitting  down  in 
bis  shirt  sleeves  in  church,  are  cases  in  point.  Hazlitt  re- 
marks, "in  jocular  history  everybody  is  at  angles  to  real  lifc; 
people  do  precisely  what  they  ought  not  to  do,  say  what  they 
ought  not  to  to  say,  are  fouud  where  thev  ought  not  to  be 
found.  ■" 

4.  Qolhcs.  Clowns  and  profe&sioDal  fools  supplement  their 
wit,  humor  and  mimicry  by  their  well-known  forms  of  dress. 
Johnny  Bull,  Uncle  Sam,  Santa   Claus  are  always  good-na- 

■Hulltt,  Williun:  Bngliab  Comic  Writers,  p.  14.    1819. 
*  JastTow,  Joftcpb  :   Oo  L*p*«s  of  ConscioDSBew,  Pop.  Scj.  Ho.,  Oct., 
1905. 
■Hazlitt,  W.  C. :  Stadies  io  Jocular  Literatore,  pp.  ait-aza. 
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ttiredly  received,  partly  on  account  of  their  dress.  Halloween, 
masked  balls,  Mardi  Gras  and  carnivals,  ancient  and  modern, 
owe  much  of  their  charming  good  humor  to  druss.  It  is  well 
known  that  we  langb  at  the  dress  of  foreigners  and  they 
at  ottrs.  "Three  chimney  sweeps  meeting  three  Chines«f  in 
Lincoln's-Inn-Fields,  laughed  at  one  another  till  they  were 
ready  to  drop  down.  Country  people  laugh  at  a  person  be- 
cause they  never  saw  him  before.  Any  one  dressed  in  the 
height  of  fashion  or  quite  out  of  it  is  ctjually  an  object  of  ridi- 
cule." Doubtless  if  the  centuries  could  rise  up  and  view  each 
other  en  mass£,  their  first  act  would  be  mutual  laughter  at  each 
other's  clothes. 

5.  Customsand  Manners.  Asstimulants  of  humor  customs 
and  manners  have,  perhaps,  no  equal.  They  excite  it  alike  in 
the  vulgar  aud  in  the  cultured,  in  the  illiterate  and  the 
learned.  They  appear  in  excesses  and  exaggerations  and  in 
violating  time  and  space  relations,  either  as  innovations  or  as 
lingering  too  long.  To  appear  in  cxccs.s  or  ont  of  time  and 
place  implies  some  age  and  stability  in  human  institutions. 
Norms  and  standards  of  fa.shions  must  be  formed,  regularity  in 
activities  must  freeze  into  custom  and  the  free  spirit  of  good 
fellnwiihipand  of  social  intercourse  must  bect>me  habituated  to 
the  plane  of  manners  before  the  spirit  of  satire,  wit  and  humor 
can  react  for  or  against  them.  This  is  so  apparent  in  the  lit- 
erature of  every  people  that  tt  seems  unnecessary  to  make  spe- 
cial references. 

6.  Wcrds,  Language  and  Thought.  This  is  the  favorite 
tramping  ground  for  both  the  humorist  and  his  critics.  Here 
occur  the  most  delicate,  subtle  and  refi  ned  specimeus.  It  is  also 
here  that  an  attempt  to  give  an  adequate  treatment  resembles 
trying  to  bottle  a  fog  or  lasso  a  cloud.  To  make  some  head- 
way, however,  we  arc  under  the  necessity  of  drawing  a  few 
distiuctions.  All  words,  language  and  thoughts  not  humorous 
to  the  speaker  but  so  inierprded  by  the  observer  may  be  termed 
uncomdous  humor  (following  The  lead  of  common  usage). 
The  humorous  interpretation  of  unconscious  humor  may  be 
called  passive  humor.  All  deliberate  use  of  words,  language 
and  thoughts  and  the  exploitation  of  all  other  humorous  stim- 
uli by  the  subject  for  humorous  effects  may  be  considered 
active  humor.  In  what  follows  the  text  indicates  which  sort  is 
meant.' 

a.  Conceraing  words  it  appears  that  their  misspelliug,  mi»* 
pronunciation ,  misinterpretation,  forced  and  misusage,  pun- 
ning, repetition.  localisms,  foreign  accent  and  even  iutonattoo 


'  Pot  a  (liicuuioQ  of  the  forms  of  the  comic,  aec  Upps:  Komlk 
nnd  Humor,  pp.  78.10a. 
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endow  them  with  a  certain  degree  of  homor.  Many  of  the 
humorous  classics  use  one  or  more  of  these  methods.  The 
writings  of  "Arteuius  Ward"  and  "  Josh  Billings"  practically 
exhaust  the  possibilities  of  misspelling.  All  forms  of  dialect 
DOW  occupy  much  of  the  humorous  Qeld  of  niispronnnciation 
and  misinterpretation.  Dickens  displays  the  wonh  of  forced 
usage  in  the  inimitable  lickwick.  Sheridan  creates  Mrs. 
Maiaprop  largely  by  these  methods.  Shakespeare  had  the 
courage  to  pun  to  bis  own  satisfaction.  Dickens  again  has 
used  repetition  to  a  fine  effect  in  several  of  bis  characters.  We 
recall  Mr.  Toots,  "of  no  consequence"  and  Joey  Bagstock  who 
is  "'devilishly  sly."  Provincialisms  and  foreign  accents  enter 
into  the  humor  of  daily  life  more  than  into  that  of  literature. 
The  unconscious  distortion  of  words  by  the  illiterate,  the  naive 
and  the  pretentious  adds  to  the  quality  of  this  soct  of  humor. 
In  fact,  whether  the  distortions  are  '  'made' '  or  arc  unconscious, 
their  humor  depends  on  our  apprehending  them  as  unconscious. 
A  farmer  who  made  daily  business  trips  to  Richmond  assured 
his  neighbor  that  he  always  dined  at  a  "first-class  reservoir." 
A  colored  scr\'ant  in  my  own  home  asked  for  a  half  holiday  to 
go  OD  a  "railroad  'squashin.'"  (What  irony  in  the  light  of 
recent  events !) 

b.  Language,  much  more  than  customs  and  manners,  requires 
a  civilization  of  some  age  and  stability  in  order  to  furnish  both 
the  conditions  and  the  material  for  humor.  George  Meredith^ 
has  urged  that  a  society  of  cultivated  men  and  women  is  re- 
quired whereiu  ideas  are  current  and  of  some  duration,  and  the 
perceptions  quick  that  the  humorist  may  he  supplied  with 
matter  and  an  audience.  ''The  semi-barbarism  of  merely 
giddy  communities,  siid  feverish  emotional  periods"  create  no 
humor.  Quaintness  in  laui^uage,  as  in  other  things,  gives  a 
tinge  of  humor.  A  description  of  the  table  manners  of  a  uun 
or  of  a  lady  of  culture  in  modern  language  would  be  sorry 
business,  but  when  Chaucer  says  of  the  nun, 

"At  mete  wel  y-taGKht  waa  Hhe  wttb-alle; 
Sbc  leet  no  moneffrom  her  Ilppes  folle, 
Ne  wctte  hlr  Gngres  in  bir  SAUce  depe." 

he  stimulates  our  Mfnsc  of  humor.  Here  belungs  the  grave  and 
serious  style  in  connection  with  trivial  and  prosaic  matters. 
Many  of  the  failures  of  language  to  fit  the  thought  yield  humor, 
a  common  type  is  verbosity.  In  this  connection  I  may  cite  the 
following,  which  is  supposed  to  come  from  the  Mt.  Sterling, 
Ky.,  Reporter  (Colored)  : 

Dear  Editor: 

Please  aUow  mc  a  Bpac«  in  yonr  momentonB  GBKctle  to  reeiprocate 

*  Uereditb,  George :  An  ^uy  on  Comedy,  p.  8,  London,  1905. 
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my  fTTBtitude  to  the  indefBteg&bly  workers  of  the  Evergreen  Baptist 
Cburcb.  While  sJttitiK  ia  ray  atudJo  last  Fri^lay  evening  greBtly  ob- 
sorbcd  in  the  momentoas  problem  bo  called  Negro  ptoblcra  I  were 
interrnpted   by  the   aathctu  ■•There  shall   be  showers  of   blessiug" 

which  rendered  me    surprisa!   happy After   a  jceneral 

parlance  I  were  divinely  imprcsRed  to  descant  on  the  altronistic  spirit 
that  should  characterize  the  chrtstJaudotu.  A  sumptuous  repast  fo]> 
lowed  and  all  preseut  shiated  their  Eastronomic  desire.  Bro.  Ben 
Mitchell  distineuiabed  himaetf  from  the  rest  by  his  implacable  Toras* 
ity.  May  Gcwl  blesa  the  members  of  the  Bve[}(rceu  Baptist  church. 
Many  thauks.  F B .  Pastor. 

Ultra  slang,  bntsque  catch  words  and  phrases  of  common 
life  may  provoke  humor  for  a  short  period.  This  field  is  illus- 
trated by  the  tuonologties  of  Cbimniie  Faddeu  and  the  wncing* 
of  George  Ade.  The  speech  of  the  excited,  the  irritated  aud 
the  fatigued  is  often  rendered  humorous  by  inversion,  omis- 
siODs  and  awkward  sabstituttons.  A  prospective  bridegroom 
at  the  church  door  in  consultation  with  his  minislcr  inquires 
excitedly.  "Is  it  kistomary  to  cuss  the  bride?"  Grumio  an- 
swers his  master,  "Ah,  sir,  they  be  ready;  the  oats  have  eaten 
the  horses."     Taming  of  the  Shrew,  Act  III,  sc.  2. 

c.  What  a  mnn  thinks  or  feels,  although  serious  to  him, 
maybe  just  as  much  an  object  of  humor  as  a  situation,  an 
awkward  movement  or  a  form  of  speech.  The  unconiicions 
maker  of  buiuor  in  thought  is  my  next  neighbor.  More  spe- 
cifically it  is  the  illiterate,  the  ignoraut,  the  inexperienced,  the 
credulous,  the  skeptic,  the  superstitions,  the  over-serious,  tht 
vain  and  the  prosaic.  The  humor  usually  appears  in  the  at- 
tempt to  deal  with  situations  and  problems  somewhat  beyond 
their  ken.  The  ignorant  and  illiterate  amuse  by  their  literal- 
istus,  pretensions,  evasions  and  superstitions.  Dickens  makes 
frequent  use  of  this  form  of  humor,  witness  Joe  Gargery's  pre- 
tensions at  reading  for  Ftp's  benefit.  Thackeray's  Captain 
Rawdon  Crawley  is  a  fine  specimen  of  stupid  ignorance.  Many 
superstitions  are  kept  alive  by  their  humorous  vein.*  Inex- 
periencc  is  the  lot  of  childhood  aud  its  humor  is  expres.'ted  in 
its  questions,  in  its  wonderiugs  aud  its  explauatious.  This  is 
.abundantly  verified  in  the  literature  of  childhood,  now  occu- 
pying excessive  space  in  current  magazines.  The  humor  of 
the  credulous  rippcars  in  a  condensed  form  in  their  responses 
to  tbe  yarn-spinner  and  prank-player.  The  faith  and  works 
of  the  inventor  are  often  ahead  of  his  time  and  are  therefore 
the  butt  of  the  common  mind.  Cervantes  made  Don  Quixote 
the  prince  for  all  time  of  the  over-serious,  and  Malvolio  of 
Twelfth  Night  typifies  the  vain  among  individuals  of  small 
parts.     Delivering  great  force  into  small  matters,  exercising 


*  Johnson,  Clifton:  Somt  New  England  SupersUtiona :  New  Bag. 
Mag.,  Oct.,  1906, 
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much  thought  over  petty  questions,  exalttag   trifles  to  the 
plaue  of  the  maguificent  form  a  pereonial  sonrce  of  humor. 

Active- thought  humor,  Activc-lbougbt  humor  is  as  complex 
and  in6nite  in  variety  as  thought  iuself.  Its  consideration 
naturally  belongs  with  that  gix-en  to  the  nature  of  humor  ia 
the  next  sectioD.  It  is  taken  up  here  for  the  reason  that  it 
employs  a  wider  range  of  humorous  stimuli  than  that  just  de- 
tailed. Perhaps  the  earliest  form  of  this  humor  is  expressed 
by  the  child  in  its  "surprise"  and  peek-a-boo  plays.  While 
learning  to  talk  it  uses  mimicry  to  good  effect  and  a  little  later 
imitative  and  even  original  tricks  are  performed  for  amuse- 
metit-  From  about  four  years  old  to  ten  original  humorous 
drawiugs  are  made  with  considerable  zest.  As  soon  as  they 
acquire  some  degree  of  familiarity  with  the  mother  tongue, 
guessing  games,  riddles,  conundrums  old  and  new,  rhyming, 
punning  and  joke-making  are  used  with  greater  or  les.<5  fre- 
quency for  humorous  purposes.  This  period  naturally  con- 
nects with  the  drollery,  clownisbness  and  prauk-playiug  of 
adolescence— a  period  rather  barren  in  creative  humor.  Ado- 
lescence laughs  much  but  creates  no  humor,  so  far  as  I  can 
ascertain.  The  gravity  of  life  is  dawning  and  self- conscious- 
ness is  too  frequently  on  guard,  thereby  precluding  the  condi- 
tions for  creating  humor.  Cicero'  was  the  first  to  have 
extensively  considered  active- thought  humor  in  adult  life.  He 
apologizes  for  bis  number  of  headings.  "I  have  divided  these 
matters  into  too  many  headings  already — hut  in  general  their 
varieties  are  reducible  under  a  few  general  heads ;  for  it  is  by 
deceiving  expectation,  by  satirizing  the  tempers  of  others,  by 
playing  humorously  upon  our  own,  by  comparing  a  thing  with 
something  worse,  by  dissembling,  by  uttering  apparent  ab- 
surdities and  by  reproving  folly  that  laughter  is  excited." 
Elsewhere  he  includes  "pretended  mLsundexstan dings,  wishing 
the  impossible,  uniting  discordant  particulars,  and  concealed 
suspicion  of  ridicule."  Of  course  it  is  evident  that  the  wit 
and  the  humorist  employ  these  several  means  together  with 
those  I  have  already  described,  while  the  cartoonist  adapts  the 
same  principles  to  the  pen  and  brush. 

IV. 

The  Nature  and  Origin  of  Humor  A3  a  Mkntal 
Process. 

Scbtttze  in  1817  and  Hazlitt  in  1819  r^sum^d  the  various 
opinions  as  to  the  natnre  01  humor  up  to  their  time.  The 
former   cites  some  fifteen  different  authorities    and    views. 


>  Cicero :  Oratory  aad  Orator*,  Boon's  ed.,  p.  303. 
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Schopenbauer  jn  1819  made  a  decided  contribtitioi]  in  that  he 
attempted  an  exact  description  of  the  mental  processes  involved. 
Since  then  the  nature  of  the  mental  process  and  its  physiologi> 
cat  ba.siH  have  been  the  main  points  of  discussion.  Schiitze, 
HoefTding  and  Sully  call  attention  to  the  sense  of  freedom  io' 
volved,  Pcnjon  in  1893  describes  at  some  length  the  relation 
of  this  sense  to  humor. 

I  have  already  pointed  out  that  the  appreciation  of  law,  of 
order,  of  harmony  and  of  those  things  that  are  inimical  to  life 
and  freedom  begets  a  sober  mental  attitude,  the  intensity  of 
which  varies  with  the  weightincss  of  the  matter  and  the  issues 
involved.  Now  if  when  dealing  with  such  matters,  the  think- 
ing process  continues  organized  and  controlled  and  progreiuses 
toward  au  end,  it  is  termed  rational.  But  it  the  mental  tension 
exceeds  the  capacity  for  controlled  thinking,  brought  on  by 
thesudden  triumph  of  nToug  and  evil  values,  disruption  of  the 
thinking  process  at  once  en.sues  accompanied  by  an  unpleasant 
emotion  ranging  from  mild  disappointment  to  the  tragic:  if.  00 
the  contrary,  thedisrtiplioniscauscd  by  thesuddcn  triumph  of 
good  values,  a  pleasant  emotion  results.  In  either  case  organized 
and  rational  processes  give  way  to  those  of  an  uncontrolled  and 
emotional  sort.  The  mental  stream  has  bad  itsbanks  torn  away 
and  its  forward  movement  stopped,  voluntary  movements  are  re- 
placed by  hereditary.  In  the  more  intense  form  a  rever»iou  to 
primitive  conditions  may  occur;  for  we  then  do  and  say  things 
that  may  shame  us  iu  our  sober  moments.  Now  the  humorous 
process  occurs  in  just  such  a  disrupted  consciousness  at  the 
trinmph  of  good  and  pleasurable  values  preceded  by  a  mental 
tension  similar  to,  but  not  always  equal  to.  that  preceding  emo- 
tions. The  common  and  quiet  forms  of  humor  usually  occur 
in  a  coqsciousness  that  has  been  running  at  its  usual  strength 
and  depth,  sufficiently  organized  to  command  the  situation, 
assnmu  a  definite  form  and  take  ou  a  certain  .strength  of  surface 
tension.  {The  term,  "surface  tension."  simply  extends  the 
water  metaphors  of  psychology  in  a  logical  direction.  I  use  it 
to  indicate  the  impen'jous  condition  of  consciousness  formed 
in  any  attentive  stale,  the  streugtL  of  the  surface  tension  being 
in  direct  proportion  to  the  intensity  of  attention.)  The  fnnc- 
lion  of  the  humorous  stimulus  consists  in  cutting  the  surface 
tension,  in  taking  the  hide  ofT  of  consciousness  as  it  were  and 
in  breaking  up.  in  part  only,  its  organization,  which  is  at  once 
followed  by  the  humorous  feeling,  the  next  wave  in  thestream 
of  consciousness.  The  cognitive  elements  in  the  humor  pro- 
cess consists.  (1)  of  the  perception  of  the  stimnlns,  (2)  the 
.•sense  of  freedom.  Each  of  these  cognitive  elements  is  suf- 
fused by  pleasant  affective  elements  which  constitute  in  their 
totality  the  unique  and  dominant  humor  tone.    The  unique- 
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ness  of  the  humor  tone  is  the  cmx  of  the  matter.  The  mental 
tension  preceding  the  humor  process  is  not  the  differentia,  for 
that  precedes  any  aud  all  emotional  states,  yet  it  is  an  essen* 
tial  condition.  The  clue  lies  in  the  nature  of  the  bumor  stim- 
ulus and  the  relation  sustained  to  it  by  the  individual.  This 
stimulus  belongs  to  an  order  of  knowledge,  whose  laws,  uni- 
formities, manners  and  customs  have  arisen  since  the  human 
miud  has  attaiued  its  present  estate.  Contrast  with  the 
humorous  stimuli  the  non-humurous  and  it  appears,  humanly 
speaking,  that  the  latter  have  always  existed.  The  heavens, 
the  laws  of  matter,  cosmic  forces  of  whatever  sort  were  in  full 
swing  when  human  consciousness  dawned,  their  operation  has 
participated  in  mental  evolution  and  to  that  extent  has  im- 
pressed  law  aud  order  upon  it.  Therefore,  when  we  are  en- 
gaged with  these  things,  sober  thiuking,  pleasant  or  unpleasant 
emotions  are  the  outcome,  but  never  htimor.  "The  spirit  of 
mind  in  infancy  may  be  through  and  through  playful,  but  as 
it  unfolds  and  develops  in  a  world  of  order  and  law,  it  comes 
to  operate  in  au  orderly  fashion.  We  see  nature  in  terms  of 
law  aud  order,  that  is  in  terms  of  science."'  But  it  will  be 
uoticed  that  the  humorous  stimuli  are  departures,  exaggera- 
tions, even  violations  of  the  laws,  uniformities,  concepts  and 
what  not  that  have  evolved  out  of  man's  experience.  The 
significant  fact  for  humor  is  that  these  departures,  exaggera> 
tions,  etc.,  do  not  disturb  the  recognized  values  of  good  and 
e\'il.  The  mind  maintains  all  the  while  a  disinterested  atti- 
tude toward  the  object  of  its  activity.  We  seek  neither  to 
correct  nor  further  exaggerate  the  departure  from  the  norm. 
It  is  time  to  feel  and  not  to  act.  We  enter  into  aisthetic  rather 
than  practical  relations  with  the  object  of  our  humor;  sbould 
we  seek  the  practical  the  humor  at  once  ceases,  issuing,  per- 
haps, in  bitterness  or  joy.  sarcasm  or  flattery,  indignation  or 
admiration.'  Penjnn  writing  upon  this  point  says  :  "If  one 
separates,  as  must  be  done,  the  causes  which  ton  easily  deform 
the  comic  and  make  ofit  an  emotion  of  wickedness  or  bitter- 
ness, the  comic  emotion  will  appear  purely  disinterested.  1 
mean  by  this  that  the  object  or  the  eveut  which  is  the  occasion 
of  the  comic  excludes  every  ideaofloss  or  of  profit,  that  it  makes 
us  conceive  neither  hope  nor  fear  and  seems  to  us  at  the  same 
time  neither  advantageous  nor  harmful  to  any  one  ;  it  is  worth 
in  itself  what  it  is  worth  without  adding  to  our  idea  of  it  any 
consideration  of  end  or  ideal."  The  humorous  process,  theu. 
tike  play,  is  its  own  end  and  justification.     The  kinship  be- 

'Peujou,  A.:  It>id..  p.   117. 
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tWMn  homor  aad  play  not  only  SQ^ests  relationships  between 

humor  and  freedom,  which  Peujou'  has  so  well  worked  out.  and 
between  humor  and  awthctics  long  ago  indicated  by  Kani  and 
recently  treated  by  Lipps,  but  that  mental  activities  long 
interpreted  as  play  should  be  credited  to  humor.  I  have  al- 
ready indicated  the  survival-value  of  humor  for  superstition  ;  it 
doubtless  performs  a  similar  and  larger  function  for  play.  It 
is  suggested  that  a  number  of  the  so  called  plays  of  the  higher 
mental  processes  named  by  Groos*  are  by  nature  humorous,  the 
humor  being  expressed  in  forms  of  play.  Humor,  then,  is  an 
end  in  itself  and  has  no  practical  interest  in  its  object.  This 
fact  comtilutei  ii$  first  differentia. 

I  have  already  indicated  that  the  sense  of  freedom  is  a  con- 
stituent element  in  the  bumor  process.  Its  consideration  is 
next  in  order.  To  that  end  I  submit  some  of  the  evidence  as 
it  had  formed  in  my  own  mind  before  meeting  with  Penjon's 
extended  account. 

The  family  and  guests  are  seated  about  the  fireside  enjoying 
the  moments  of  silence.  The  only  light  is  ttiat  of  the  glowing 
embers.  A  smouldering  bit  of  bark  suddenly  flashes  up  and 
a  smile  plays  over  the  faces  of  the  silent  group.  The  stroke 
of  a  sweet-toned  clock  or  a  sneeze  or  the  dropping  and  rolling 
of  a  sewing  thimble  or  of  a  ball  of  yarn  produce  under  similar 
conditions  the  same  effect.  A  group  of  boys  are  sealed  on  the 
bank  of  a  bathing  pond  apparently  gazing  at  the  water's  glassy 
surface.  Suddenly  it  is  broken  by  huge  drops  of  rain  out  of 
an  apparently  cloudless  sky.  The  boys  smite.  The  hnmor 
response  in  such  cases  is  weak  and  simple.  At  such  times  con* 
sciousness  is  damped  down  to  dreamy,  pleasant  processes  un- 
der lax  attention,  and  the  mild  bumor  results  from  the  sudden, 
delicute,  harmless  stimulus  piercing  its  surface  tension,  dis- 
rupting its  feeble  structure  and  thereby  permitting  it  to  move 
on  in  a  more  free  and  spontaneous  fashion.  But  let  the  sur- 
face teniuon  and  structure  of  consciousness  become  toughened, 
cramped  and  tense  by  responding  to  routine  or  grave  or  hard 
conditions,  and  objects  of  little  or  no  inherent  hnmor  will  be- 
come excruciatingly  humorous.  "Snickerin'  at  nothin*  " 
in  the  school  room,  giggling  before  strangers  and  company, 
especially  at  the  table,  the  increasing  intensity  of  annoying  re- 
turn waves  of  humor  on  solcnin  occasions  are  cases  in  point. 
Bain  obser\'es  that  in  a  court  of  justice  or  in  an  assembly  of 
ordinary  gravity  a  trifling  incident  causes  laughter,  and  that 
the  young  are  the  greatest  sufferers  by  the  imposition  of  grav- 
ity and  are  the  most  di.sposcd  to  break  free  from  it.  They  en- 
tertain a  mock  solemnity  for  the  intense  delight  of  rebounding 


'PcDJoo  ;  Ihid.,  p.  ii6. 
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from  it,  just  as  tbey  toil  up  to  the  top  of  an  cmineDce  for  the 
sake  of  the  downward  run.  Members  of  college  glee  clnbs  in- 
form me  that  they  see  humor  in  everything  while  on  their 
vacation  musical  tours.  Darwin  records  that  the  German  sol- 
dierb  before  the  siege  of  Paris,  after  strong  excitement  from 
exposure  to  extreme  danger,  were  particularly  apt  to  burst 
into  laughter  at  the  smallest  joke.  I  have  received  testimony 
from  eye  wjtntsses  of  the  San  Francisco  earthquake  to  the 
e£Fect  that  for  several  days  following  the  shock  not  only 
laughter  hut  good  nature  and  humor  overdowed  on  slight  provo- 
cation. The  history  of  humorous  literature  discloses  the  fact 
that  it  is  mosL  prolific  in  thusc  crises  and  changes  in  human 
affairs  at  which  the  consciousuess  of  freedom  breaks  out. 
Martin  ^  tells  us  that  the  parody  was  first  introduced  during 
the  performance  of  Greek  tragedies  to  relieve  the  audience 
from  the  intense  meutal  strain.  In  the  severe  atmosphere  of 
the  king's  court  the  court  fool  was  an  important  adjunct.  In 
reality  his  was  the  freest  personality  of  the  group,  the  king  not 
excepted.  King  Lear  and  his  fool  furnish  a  most  striking  ex- 
ample in  literature. 

These  considerations  indicate  an  intimate  kinship  between 
the  humor  process  and  the  sense  of  freedom.  The  real  con- 
nection becomes  apparent  when  the  nature  of  the  stimulus  is 
taken  into  account.  It  has  already  been  shown  that  the  stimu- 
lus perverts  and  breaks  up  the  mechanism  and  order  about  as. 
It  appears  as  the  only  objective  fact  in  our  experieuce  that 
dares  to  defy  the  world  order  with  Impunity,  that  can  violate 
ruthlessly,  without  pain  and  without  apolugy.  the  manifold  hu- 
man contrivances,  social  customs  and  relationships  aud  therL'liy 
not  only  creates  the  sense  of  freedom,  but  also  assures  us  that  we 
may  temporarily  escape  from  the  nniformities  and  mechanisms 
of  life.  The  sense  of  freedom,  once  born  through  these  tem- 
porary escapes  from  uniformity,  has  been  objectified  into  the 
so-called  principle  of  freedom.  Any  means  that  will  lift  the 
veil  of  law  and  social  order  and  reveal  freedom  as  an  abiding 
reality,  will  produce  pleasure.  Play,  art  and  the  humor  stimu- 
lus are  such  means.  Play  performs  this  function  especially  for 
the  young,  art  for  the  trained  and  educated,  but  humor  ministers 
impartially  to  all  ages  and  cla.'i.ses.  By  its  revelation  of  free- 
dom, abundance  of  life,  springs  of  spontaneity  and  possibilities 
of  progress  are  made  more  manifest.  So  long  as  the  present 
order  of  things  is  taken  for  granted,  so  long  as  present  ways 
and  laws  are  accepted  as  the  only  ways  and  laws,  change  and 
progress  if  any  is  accidental.  The  humor  stimulus  rends  the 
veil  of  uniformities  and  bids  us  look  behind  the  scene  where 
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luck,  cbance,  spontaneity  and  life  operate.  It  is  the  uncer- 
tainties and  not  the  certainties  of  life  that  give  it  zest  and 
charm.  Let  the  outcome  of  a  game  or  contest  become  a  "dead 
sure  thing"  and  interest  will  flee  away.  We  arc  rather  chary 
of  an  over-scientific  game  in  which  luck  and  chance  are  sup- 
planted by  rigid  rules.  The  humor  stimulus  gives  glimpses  of 
the  world  of  uncertainties,  of  spoataneities  and  of  life,  aud  in 
so  doiug  creates  the  sense  of  freedom  of  which  the  sense  of 
humor  is  the  obverse  side.  The  sense  of  freedom  is  the  second 
differentia,  therefore,  of  humor. 

The  failure  to  see  that  the  sense  of  freedom  is  a  consiitnent 
part  of  the  siense  of  humor  is  doubtless  responsible  for  the 
"superiority"  aud  "degradation"  theories.  The  sense  of 
power  yields  pleasure  but  not  humor.  The  sense  of  power  is 
wrapt  up  with  obligatious,  practical  mterests  and  relationships, 
the  humor  siimulas  does  not  make  us  aware  of  power.  In- 
congniity,  descending  or  otherwise,  all  disorders  of  time  and 
space  relations  in  our  actiuus,  customs  and  language,  all 
mechanized  living  movemeuts.  all  deliberate  manipulation  of 
the  humor  stimuli  are  only  humorous  when  they  excite  the 
sense  of  freedom.  If  there  is  any  genuine  humor  in  the  shouts 
of  the  victor,  it  is  due  to  the  sudden  sense  of  freedom  arising 
fi-om  the  removal  of  the  obstructions  to  victory.  It  would  then 
appear  that  the  multiplicity  of  humor  theories  may  be  resolved 
into  the  freedom  theory.  The  theories  hitherto  advanced  have 
becu  more  a  classi6cation  of  humuruus  stimuli  ihau  explana- 
tions of  humor  as  a  mental  process. 

Origin.  A  cross  section  of  onr  mental  life  shows  first  an 
aspect  composed  of  hereditary  factors  (unlearned  reactions), 
second  a  well  de&ned  aspect  of  acquired  factors  (learned  reac- 
tions) composed  of  what  the  individual  does  for  himself  and 
\vhal  Is  (lone  for  him,  and  third  an  ill  defined  aspect  that  per- 
meates the  other  two  and  in  addition  enjoys  in  part  a  separate 
existence  of  its  own  made  up  of  unmechanized  and  elementary 
meutal  factors.  One  readily  recognizes  the  second  aspect  as 
intelligence.  Prof.  Royce  *  calls  it  "docility."  It  may  be 
termed  mechanized  mind  iu  that  it  represents  mind  reduced  to 
law  and  habit.  Getting  on  in  the  world  is  dependent  to  a  de- 
gree on  a  certain  quantum  of  mechanized  mind.  Common 
usage  employs  such  terms  as  habit,  adjustment,  adaptation, 
education,  to  designate  such  an  equipment.  Several  processes 
are  involved  in  its  production,  such  as  imitation,  learning  by 
"trial  and  error"  and  by  "unders landing."  Of  these  methotls 
tho^e  that  make  the  most  use  of  voluntary  attention  are  the 
quickest  in  results  and  the  most  extravagant  with  mental  en- 
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er^;  here  it  is  that  mental  tension  reaches  its  highest  fntch. 
Relief  comes  in  a  variety  of  well  known  ways,  humor,  perhaps, 
being  the  most  unique  of  the  lot  from  the  fact  that  it  accom- 
plishes  its  piirTKise  with  the  least  expenditnre  of  energy  and  at 
a  time,  too,  when  the  individual  can  ill  afford  to  make  sacri- 
fices in  the  interest  of  recreation.  Considering,  then,  the 
nature  of  humor  as  a  mental  process,  and  the  nature  of  its 
stimulus,  together  with  the  conditions  under  which  it  appears, 
it  seems  highly  probable  that  it  emerged  as  a  distinctive  process 
from  the  states  of  inattentive  freedom  immediately  preceded  by 
^XAX^scinecessary  attention.  It  should  be  mentioned  in  this  con- 
nection, that  even  with  the  sense  of  humor  as  a  part  of  our 
cooscious  mechanism,  its  operation  is  decidedly  influenced  by 
the  composition  and  orgauization  of  consciousness  as  affected 
by  preoccupation,  mood,  temperament,  beliefs  and  ideals.  Miss 
Martin  invaded  this  subtle  field  with  experimental  methods 
and  came  out  with  results  well  worthy  of  record.' 


Functions  of  Ht^uoR. 

The  psychical  function  of  humor  is  to  delicately  cut  the  sur- 
face tension  of  consciousness  and  to  increase  the  pliancy  of  its 
structure  to  the  end  that  it  may  proceed  on  a  new  and  strength- 
ened basis.  It  "spells"'  the  mind  on  an  up-hill  pull.  Perhaps 
its  largest  fuuction  is  to  detach  us  from  our  world  of  good  and 
evil,  of  loss  and  gain  and  enable  us  to  see  it  in  proper  perspec- 
tive. It  frees  us  from  vauity  on  the  one  baud  and  from  pessi- 
mism on  the  other  by  keepiug  us  larger  than  what  we  do  and 
greater  tbau  what  can  happen  to  us. 

The  physiological  function  appears  to  becommon  knowledge, 
for  certainly  its  supposed  influence  on  adipose  tissue  has  passed 
into  a  proverb.  Kant  cherished  tbc  belief  that  laughter  had  a 
beneficent  effect  on  our  digestive  organs  even  down  to  our  very 
entrails.  Hecker  advocates  the  idea  that  it  relieves  the  auEemla 
of  the  braiu  induced  by  tickling. 

Its  biological  function,  in  my  judgment,  is  far  more  unique  in 
mental  economy  than  is  its  nature  as  a  process.  I  have  already 
called  attention  to  the  uumechaoized  aspect  of  mind,  a  matter 
more  readily  believed  than  easily  proven.  To  adduce  adequate 
evidence  of  the  magnitude  and  the  importance  of  this  aspect 
of  mind  oi-er  the  mwhanized  and  hereditary  portions  would 
lead  us  too  far  afield.  For  the  sake  of  a  better  appreciation  of 
our  problem,  however,  a  few  cod siderat ions  on  the  point  seem 
worth  while.  First,  we  register  our  belief  in  its  existence  by 
such  CKpressions  as  mind  growth,  nah-et^.  self-activity,  spoD- 
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taoeity,  iadividual  vari&tion,  genius  and  "mental  initiative" 
(inirwlaced  by  Prof.  Roycc),  and  by  more  remote  terms  like 
open  mind,  simple  mind,  youthful  mind,  unprejudiced  mind. 
Second,  many  students  of  mind  express  themselves  to  the  same 
effect.  President  G.  Stanley  Hall  states  that  surely  mind  is  as 
old  as  the  body  and  certainly  more  complex  :  any  lesser  concep> 
tiou  would  indeed  be  a  mean  one.  Prof.  Sbaler '  expresses 
this  view  .-so  clearly  that  I  quote  his  words:  "One  of  the  re- 
sults of  the  marvellously  swift,  absolutely  free  development  of 
man's  spirit  is  that  there  has  as  yet  been  in.sufhcient  time  for 
it  to  become  organized  as  are  the  conditions  of  the  Ixidy,  work- 
ing iu  the  inslinctive  manner  in  which  the  lower  species  do 
their  complicated  work  through  the  fore-determined  mental 
prttcesses  we  term  instincts.  There  are  always  gauges  and 
standards  for  the  endeavors  in  the  mind  as  there  are  in  the 
bodily  frame.  With  us,  however,  all  kinds  of  thinking  are  still 
a  hurly-burly,  a  confusion,  to  which  time  and  culture  may  pos- 
sibly bring  something  like  the  order  it  ha.s  in  the  lower  life,  bat 
which  probably  is  as  ever  to  remain  in  its  preseut  uncontrolled 
state."  Third,  biologists  are  generally  agreed  that  the  hand, 
the  vocal  organs  and  the  cerebral  cortex  have  tindeveloped 
capacities  far  beyond  present  realization.  Their  possibilities 
are  as  yet  unknown,  and  with  the  cortex  its  capacity  appears 
to  be  Infiniie  with  only  a  small  portion  reduced  to  law  and  or- 
der. If  we  can  so  confidently  assert  unlimited  capacity  of 
these  physical  structures,  then  any  lesser  conception  of  mind  is 
indeed  an  untenable  one.  It  does  not  yet  appear  what  we  shall 
be,  but  there  is  general  agreement  that  the  immediate  path  of 
evolution  will  be  spiritual  rather  than  physical.  And  if  spiritual, 
it  must  be  confined  to  the  free  portionof  mind,  to  lha.se  parts 
not  yet  close  yoked  to  matter  and  frozen  into  habit.  Of 
course  there  is  universal  consent  that  the  mind  should  bemech- 
aoized  to  the  extent  of  tbe  needs  of  commoa  life,  of  routine 
bosiness,  of  the  alphabets  of  learning  and  of  the  elements  of 
culture,  but  anything  beyond  these  points  is  inimical  to  both 
individual  development  and  to  racial  evolution.  Influences 
that  tend  to  check  mechanization  and  to  incline  the  mind  to 
grapple  with  the  new  and  with  tbe  ideal  prolong  the  possibili- 
ties of  spiritual  development.  Humor  and  play  are  two  such 
processes,  with  the  houors  in  favor  of  humor.  It  stands  guard 
at  the  dividing  line  between  free  and  mechani?.ed  mind,  to 
check  mechanization  and  to  preserve  and  fan  the  sparks  of 
genius.  And,  like  play,  it  keeps  the  individual  young,  projects 
the  best  in  youth  into  adult  life,  sets  metes  and  bounds  to  "do- 
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dlity"  and  prevents  the  mental  life  of  the  race  from  faarden- 
ing  into  instinctive  and  hereditary  forces. 

Humor  is  f>ar  exexllenee  a  social  menial  process,  a  distinctive 
feature  of  the  social  consciousness.  It  is,  therefore,  not  com- 
pletely described  nntil  that  aspect  is  taken  into  account.  Then, ' 
too,  its  bearing  on  creative  art  and  the  n.ses  made  of  it  in  our 
social,  political,  commercial  and  industrial  life  call  for  more 
detailed  attention  than  this  paper  can  undertake. 
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ANALOGY  IN  THE  LANGUAGES  OF  PRIMITIVE 
PEOPLES. 


Br  AlezandWK  F.  Chambskxaih. 


One  of  the  ways  in  which  names  are  Riven  to  new  and  un- 
familiar objects  and  things  is  from  analogy  with  the  old  and 
familiar.  An  inspection  of  the  vocabular)-  of  our  own  English 
language  shows  how  many  times  this  has  happened  with  us, — 
in  various  Aryan  tongues  "cat,"  "tiger."  "lion,"  "cow."* 
"dog,"  etc.,  have  often  given  rise,  through  analogy,  to  other 
appellations  of  animals.  And  with  primitive  peoples  this 
cess  is  naturally  more  in  evidence.  This  procedure  is  interest-1 
ing  psychologically  both  in  relation  to  the  laws  of  association 
at^  by  reason  of  the  fact  that  it  occurs  also  so  frcfjuently  in  the 
langnage  of  children,  to  whom  the  naming  of  the  unknown  by 
analogy  with  the  known  seems  to  be  as  natnral  as  it  is  to  the 
savage  and  the  barbarian.  The  examples  here  given  are  drawn 
from  the  language  of  the  American  Indians,  whose  value  for 
the  psychologist  is  just  begiuuiiig  to  be  appreciated. 

Apple.  This  fruit  seems  to  have  taken  the  fancy  of  the 
Indians,  and  there  are  consequently  many  very  interesting 
names  for  it.  t.  g.  .■ 

I.  Rose-hip.  The  Kootenay  name  for  apple  is  gotlwa, 
which  properly  designates  the  "hip"  of  the  wild  prairie  rose 
{Rosa pisomrpa);  the  same  word  is  now  used  also  to  designate 
apricot,  peach,  pear,  tomato,  etc.  The  English  term  "rose- 
apple"  for  rose-hip  is  an  interesting  instance  of  like  analogy. 

a.  Cranberry.  The  Micmac  wenjoosoon  signi6es,  Uierally, 
"French  {wenjoo)  cranberry  (joen)."  The  analogy  between 
the  cranberry  and  the  apple  is  not  at  all  confined  to  the  Ameri- 
can Indian.  While  on  Cape  Cod,  a  few  years  ago.  the  writer 
heard  a  lady,  who  had  never  seen  cranberries  growing  before, 
exclaim,  "Do  you  know  what  these  cunning  little  apples  are?" 

Beet.  In  several  Indian  languages,  the  beet,  with  which 
the  natives  became  acquainted  after  having  known  the  turnip. 
was  named  after  the  latter.  Thus  in  Ojibwa,  mtikoUhu, 
"beet,"  signifies,  literally,  "red  turnip." 

Bottle,  The  word  for  bottle  in  the  language  of  the  Massa- 
chusetts CNatick)  Indians,  guonoasg,  designates  properly  a 
"gourd."  But  in  translating  Matt.  9:17.  Eliot  used,  for  "in 
new  bottles,"  wuikishquadt,  derived  from  the  radical  wiskq, 
"pot,  dish,  or  vessel." 
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Buckw!uat.  The  Micmac  name  for  buckwheat,  sooomati' 
(keejul.  signifies,  literally,  "little  beechnuts,"  from  the  resem- 
blance ID  shape, 

Candy.  In  Micmac  candy  is  called  upkoo.  which  properly 
dgnifies  "chewing  g^um/'  and,  before  that,  "pitch"  (ofa  coni- 
fer). Here  the  "chewing"  has  determined  the  name.  The 
Kootenay  Indians,  of  British  Columbia,  from  another  point  of 
view,  call  candy  gakUetl  k'koktci,  "variegated  (striped)  sugar." 

ChcKoiate.  This  drink,  itself  of  American  Indian  (audent 
Mexican)  origin,  was,  however,  unknown  to  the  northern 
tribes  until  iotrcHluced  by  the  whites.  Says  Bishop  Bompas 
(Dioc-  of  Mackenzie  River.  I/jnd.,  [88&,  p.  97):  "Chocolate 
is  a  favorite  beverage  with  the  &ick,  where  it  can  be  obtaiued. 
and  it  is  looked  upon  as  a  medicine.  The  Indians  universally 
give  it  the  name  of  ox  Mood,  because  it  was  mistakea  by  them 
for  the  blood  of  the  musk  ox,  when  tbey  6rst  saw  it  used  by 
the  whites."  The  analogy  is,  perhaps,  between  the  chocolate 
in  cakes,  or  before  using,  and  the  coagulated  ur  frozen  blood  of 
the  uiusk-DX.  In  Ojibwa  chocolate  is  called  miskwabo,  "red 
liquid."  In  Nipissing,  Cuoq  (Lex.  Alg.,  MontrL-al,  1 88,6,  p. 
231)  defines  miskwabo  as  "melange  de  sang,  de  graisse  et  de 
farinc."  — from  this,  as  in  Ojibwa,  the  name  pa^ed  over  to 
chocolate.  In  these  Algoukian  tongues  there  is  a  folk-thought 
and  probably  also  ao  etymological  identity  between  miiko  or 
tttiskwa.  "red,"  an&misku-i,  "blood," 

Cinnamon.  The  Ojibwa  name  for  cinnamon  is  miskutana- 
gak,  literally  "red-cedar  bark,'*  the  analogy  being  determined 
by  the  crude  form  in  which  this  spice  first  came  to  the  atten- 
tion of  the»e  Indians. 

C&ck  of  gun.  The  Ojibwa  name  is  obu4mens,  "little  thigh," 
with  which  corresponds  exactly  in  meaning  the  Micmac  abo<^' 
wdkitjefch. 

Cork.  In  Ojibwa  and  Nipissing  cork  is  called  wajoihkwtdo, 
which  term  properly  dcsignaies  "fttngusor  mushroom,  on  trees 
or  in  the  ground."  The  analogy  with  fungus  or  mushioom  is 
a  very  natural  one. 

Elephant.  The  elephant,  as  a  captive  in  the  parks  and  "zoos" 
of  American  cities,  and  as  a  prominent  fignre  in  circuses,  be- 
came known  to  members  of  many  American  Indian  tribes, — also 
by  means  of  pictures  in  books,  etc.  The  names  conferred  upon 
thiaaoimal  indicate  the  diversity  of  the  analogies  suggested  to  the 
Indian  mind.  Mooney  (Myths  of  the  Cherokee,  p.  265)  tells 
tis  that  the  Cherokee  call  the  elephant  kHmdmH  &i&nA,  "great 
butterfly,"  by  reason  of  "the  supposed  resemblance  of  its  long 
trunk  and  flapping  ears  to  the  proboscis  and  wings  of  that  in- 
sect." One  of  the  Ojibwa  names  for  the  elephant  is  kfishi 
kokiish,  "great  pig."  The  Micmac  term  for  elephant,  b&itogO' 
b&iit,  signifies  "a  sea  cow." 
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Fig.  TheOjtbwfl  name  for  fig  x^gtishi  skdmin,  "big  raisin" 
{shamin  originalty  signified  grape,  then  rawin).  In  Micmac 
the  Cg  is  called  tapaiatwtemunul,  literally  '.'potato  fruit,"  or 
"potato  balls,"  from  the  supposed  resemblance. 

Goat.  The  Micmac  word  for  goat,  wenjooekulebao,  signifies, 
literally,  "French  (f.  e..  foreign)  cariboo." 

Haycotk.  The  Micmac  word  for  haycock,  wea,  properly 
signifies  "muskrat  house,"  from  the  analog}'  of  the  shape. 

Hhtge.  The  literal  meaning  of  the  Micmac  word  for  hinge, 
taemegech.  is  "butterfly,"  from  the  resemblance  in  shape  of  the 
outspread  hinge  to  the  butterfly  with  wings  open. 

.  Horse.  The  horse  was  extinct  in  North  America  long  before 
the  coming  of  the  Europeans  of  the  Columbian  discovery,  by 
whom  it  was  reintroduced  into  this  continent,  and  from  whom, 
directly  or  indirectly,  all  Indian  tribes  possessing  or  having 
possessed  it.  have  received  this  animal.  Many  aboriginal  peo- 
ples, who  did  not  adopt  a  foreign  name  for  the  strange  animal, 
or  create  a  new  name  by  observing  and  describing,  in  the 
appellation  given  it.  some  of  its  peculiarities  as  they  perceived 
them,  named  it  from  analogy  with  other  creatures  of  their  en- 
vironment, which  they  thought  it  in  some  way  or  other  resem- 
bled. Often  the  horse  was  named  from  analogy  with  the  dog. 
Thus  the  Dakota  sunka  wakan  means  "mysterious  (sacred) 
dog;"'  the  Blackfoot  ponokamita  and  the  Kantcna.y  kit/kaf/a' 
halllsin  both  signify  "elk  dog;"  the  Cree  mistaHm  means  "big 
dog."  Another  Indian  tribe,  the  Shawnee,  called  the  horse 
misAewe,  "elk."  The  use  of  the  dog  by  Indians  as  a  beast  of 
transportation  probably  led  to  the  naming  of  the  horse  so  often 
after  it.  The  Dakota  name  indicates  that  the  horse  was  looked 
upon  sometimes  as  an  animal  of  mystcrj',  which  fact  also  may 
have  had  to  do  with  Uis  having  been  named,  also  after  the  elk, 
an  animal  that  had  several  mysterious  attributes  among  some 
Indian  tribes,  and  was  not  infrequently  a  "medicine"  animal, 
as  was  likewise  the  dog. 

Liart.  In  many  parts  of  North  America  the  large,  foreign 
Felidae  were  named  after  the  native  animals  they  were  thought 
to  resemble.  Thus  the  Ojibwa  word  for  lion  nmhibtshi,  signi- 
fies, literally,  "large  wildcat  or  lynx"  {Lynx  canadetsrs);  and 
in  the  Nipissing  dialect  mtsftipishi  is  applied  to  the  lion,  tiger, 
panther,  leopartl,  etc. 

Nuhrng.  The  Oyibwa  word  for  nutmeg,  gitshi gaTvissakang, 
signifies  "big  pepper."  Possibly  both  shape  and  taste  ha\-e 
shared  iu  this  designation. 

Orange.  This  exotic  fruit  was  often  named  by  the  Indians 
from  analogy  with  already  existing  fruits.  The  Kooteuay, 
living  beyond  the  Rocky  Mountains,  and  the  Micmacs,  dwell- 
ing on  the  shores  of  the  Atlantic,  speaking  absolutely  unrelated 
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tangunges.  both  named  it  afl«r  the  hip  of  the  wild  rose. 
Kooltnay  goieiilka  goilma,  "orange,"  and  'MXcm^c  ehikfhswwe- 
gunech,  signify,  the  one,  ''large  rose-hip,"  the  other,  "rose- 
hip." 

Peacock,  The  Ojibwa  word  for  peacock,  sasega  misisst,  sig- 
nifies, literally,  "splendid  (ornamented)  turkey;"  and  another 
Ojibwa  name  is  cshawa  taisisse.  "green  turkey." 

Pfoch.  One  Ojibwa  name  for  the  peach  is  mishipagasan, 
"big  plnm."  in  analogy  with  the  plums,  cultivated  and  wild. 
A  Kooteuay  term  for  peach  is  fl^*«7/»i«^,  which  properly  dciig- 
nated  the  fruit  of  the  wild  choke-cherry  [Prunus  demisia),  the 
stoae  or  pit  of  the  frtiit  giving  rise  to  the  name. 

Piar.  The  Micmac  word  for  pear,  majeokteUgtuuheech, 
means  "little  arrowhead."  the  name  being  given  from  the 
analogy  in  shape  between  the  fruit  and  the  blunt-headed 
arrows  used  for  certain  purposes  by  these  Indians. 

Pig.  The  Narragansctt  Indians  called  the  European  bog 
oibqutcfmun,  i.  e.,  "gronndhog"  {Arciomys  monitx').  Con- 
cerning this  word  Roger  William  says,  "a  wild  beast  of  a  red- 
dish hair,  about  the  bigness  of  a  pig,  and  rooting  like  a  pig, 

m  whence  they  give  the  name  lo  all  our  swine."  Trumbull 
derives  the  Dame  (Natick  Diet.,  p.  loi)  from  dgushan,  "he 
burrows,"  and  makes  the  word  cognate  with  modern  Algon- 
kian  terms  for  "pig."  Abnaki  agaskv/,  txnap6 goscAgoscA .  Mic- 
mac kaolkwes,  Ojibwa  kokuik,  Cree  kokus.  etc.  It  has  been 
said,  however,  that  the  kokus  words  are  onomatopoeic  and  refer 
to  the  habit  of  feeding  of  this  animal. 

Putty.  The  Ojibwa  word  for  putty,  wassckhiganipigiw^ 
signifies,  literally,  "window  pitch,"  while  the  Ofee  -waha- 
monahisko-passakwahigan  means  "window  glue." 

Turkey.  Although  the  wild  turkey  is  native  to  Central 
America  and  Mexico,  aud  before  the  advent  of  the  Europeaus 
was  common  from  Florida  to  the  Great  Lakes,  over  the  eastern 
half  of  the  country,  it.  like  the  tame  bird,  was  foreign  to  cer- 
tain tribes  of  the  Northwest,  etc.  Thus  the  Kooienay  name 
for  the  turkey  is  ^owitlka  fanku/i,  literally  "big  grouse,"  the 
term  being  created  from  analogy  with  the  ruffed  grouse 
{i'atikuis).  In  like  mauner,  the  Blackfoot  word  for  turkey. 
omuxikciukki,  signifies,  literally,  "big  prairie  chicken." 

Turnip.  The  Micmac  word  for  turnip,  wenjcoesuggbun.  sig- 
nifies, literally,  French  (foreign)  ground-nut."  The  "grouod- 
nut  {sugfbun)'*  was  the  Apios  tubtrosa,  etc. 

Vinegar.  The  Ojibwa  word  for  vinegar,  shtwabo,  signifies, 
literally,  "sour  liquid,"  which  is  also  the  meaning  of  several 
Other  Indian  names.  The  Kootenay  term  for  vinegar,  kowis- 
iJaftane,  means  "it  is  sour." 

Whiskey.     The  many  ways  in  which  intoxicating  liquors  of 
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Earopeaa  origin  were  thmst  upon  the  Indians  of  North  Amer- 
ica, and  Ihe  amount  of  these  they  were  induced  to  consume, 
have  evidently  made  a  great  impression  on  their  minds,  if  one 
may  judge  from  the  many  names  applied  to  it  by  them,  ranging 
from  "fire-water"  to  "new  milk,"  The  Kootenay  Indians, 
e.  g.,  have  these  names  for  whiskey:  Nipika  who,  "spirit 
water;"  noiluqane  wuo,  "the  water  of  the  stranger;"  svyapi 
acMo,  "white  man's  water;"  muo,  "water"  (i.  tf.,  "/^water"). 
The  Ojibwa  ishkote  waho,  "fire  liqnor,"  and'  its  relatives  iu 
other  Algonkian  dialects,  indicate  the  source  of  the  colloquial 
"6re  water."  The  Micmac  bookiau/uk  is  derived  from  hookta^ 
■•fire." 

The  examples  cited  above  of  analogical  naming  wilt  serve 
to  indicate  the  wealth  of  psychological  material  in  the  field  of 
research.  There  are  abundant  data  for  an  extended  mono- 
graph dealing  with  the  primitive  tongues  of  America  alone,  to 
say  nothing  of  those  of  other  regions  of  the  globe.  It  is  curi- 
Otis  to  find  an  elephant  and  a  hinge  both  termed  a  "butterfiy." 
And  "oxblood"  for  chocolate,  "potato  balls"  for  figs,  "arrow- 
head" for  pear,  etc.,  reveal  interesting  turns  of  the  aboriginal 
mind.  For  comparisou  with  the  corresponding  phenomena  of 
the  language  of  children  a  dictionary  of  analogy-names  in  the 
speech  of  primitive  people  would  be  of  great  value.  On  this 
the  present  writer  has  made  a  beginning. 
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Introdoction. 


The  aim  nf  comparative  psychology-  is,  in  the  end,  a  dassifi- 
cation  ofmiods  accordiag  to  the  kind  and  complexity  of  their 
thinking.  As  the  criterion  for  this  thinking  we  are  of  course 
confined,  iu  the  case  of  animals,  to  what  they  do.  We  study 
animal  behavior.  We  cod  observe  what  the  animal  does  spon- 
tatieously  in  the  wild  (or  in  captivity)  and  how  he  reacts  in 
experimental  conditions.  And  nowhere  is  it  more  essential  that 
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these  two  sorts  of  observation  should  go  hand  in  hand.  No 
experimenter  can  feel  perfectly  sure  that  his  conditions  of  ex- 
perimentation are  such  as  to  show  the  animal  at  his  best  with- 
out a  most  careful  study  of  what  the  animal  does  or  does  not 
do  in  freedom  and  of  its  own  SL-cord;  and  no  student  of  animals 
in  the  wild  can  be  sure  that  his  Interpretation  of  what  he  sees 
is  the  true  one  unless  (he  animal  can  be  led  to  do  the  same  sort 
of  thing  under  fully  Itnown  and  controlled  conditions.  As 
Prof.  Jastrow  (i7)remarks,  "we  can  judge  what  animals  think 
only  by  what  they  do,  yet  what  they  really  do  may  be  wholly 
diflcteoL  from  what  they  apparently  do." 

TrusLworthy  observations  of  the  life  of  raccoons  in  the  wild 
are  not  easy  to  obtain,  because,  perhaps,  of  their  nocturnal 
habits;  and  little  ihat  is  definite  and  of  psychological  intere-st  is 
to  be  found  in  literature.  Such  personal  observations  as  the 
writer  has  been  able  to  make  upon  a  dozen  or  more  of  these 
animals  in  captivity  will  presently  be  described.  The  experi- 
mental studies  which  follow  have  been  for  the  most  part  of  the 
general  type  of  those  made  by  Thorndike,  Kinnaman,  and 
others,  and  furnish,  it  is  believed,  a  tolerable  basis  for  the  rela- 
tive ranking  of  the  raccoon  with  reference  to  the  animals 
studied  by  these  experimenters. 

It  is  perhaps  fair  to  state,  also,  that  the  present  study  was 
begun  in  the  early  part  of  the  year  1905,  and  was  complete  in 
its  experimental  part  before  the  appearance  of  Prof.  Cole's 
."*tudy  of  the  same  animal  in  the  May  number  oi  ihe  Journal  of 
Comparative  Neurology  a»<i  Psychology  for  the  current  year. 
Tlie  two  papers  are  nevertheless  to  a  considerable  extent  sup- 
plementary of  each  other,  and  an  effort  has  therefore  been 
made  to  correlate  the  results  and  to  point  out  differences. 

Zoology. 

Gtograpkuat  range  and  iaxojiomic  relatiom.  The  raccoon 
inhabits  the  southern  parts  of  the  fur-bearing  regions.  Lewis 
and  Clarke  found  the  animal  at  the  mouth  of  the  Columbia 
River.  The  Hudson  Bay  Company  purchased  skins  as  far 
north  a.<i  the  Red  River,  latitude  50'.  Dixon  and  Partlock  ob- 
tained skins  from  the  natives  of  Cook's  River,  latitude  60°. 
On  the  Atlantic  coast,  Newfoundland  is  the  uorthern  limit. 
The  animal  ranges  southward  over  nearly  all  of  North  America 
and  South  America  as  far  as  Paraguay. 

Matthew  and  Worlman  from  the  latest  study  of  tertiary  re- 
mains place  the  immediate  ancestor  of  the  raccoon  in  the 
Oligoceue  period,  aud  contrary  to  common  opiuioo,  make  its 
affinity  closer  for  the  Canida  than  the  Ursida. 

Something  of  its  general  zoological  kinship  is  shown  by  the 
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followiuK  SDmmary  of  M.  Watson's  (37)  study  of  the  placenta- 
tioo  of  the  raccooD  : 

1.  Procyon BgTces  with  all  the  other  Carnivora  in  which  the 
organ  has  hitherto  been  examined  in  the  possession  of  a  zonary 
or  annular  placenta,  and  also  in  the  mode  of  interlocking  of 
the  foetal  and  maternal  portions  of  the  placenta,  and  in  the 
consequent  dedduate  character  of  that  organ. 

2.  Frocyon  agrees  with  all  the  members  of  the  plantigrade 
section,  at  the  same  time  that  it  differs  from  those  composing 
both  the  digitigrade  and  pinniped  sections  of  the  Carnivora,  in- 
asmuch as  at  one  spot  the  placenta  presents  a  gap  or  deficiency, 
at  which  spot  tbe  placental  structure  is  imperfeci. 

3.  Frocyon  agrees  with  Cants  at  the  same  time  that  it  differs 
from  Fetis  in  the  absence  of  a  continuous  layer  of  decidua  sent- 
Hna  from  the  uterine  surface  of  the  detached  placenta. 

4.  Proton  differs  from  every  other  carnivore,  in  the  pos- 
session of  placental  vessels  jxisscsscd  of  a  structure  hitherto 
only  met  with  in  the  placenta  of  Ckoteepu$  Hoffmanni  among 
the  Edentates. 

5.  Frocyon  differs  from  everj*  other  carnivore,  in  the  non- 
possession  of  an  nmbilical  vesicle. 

6.  Frocyon  differs  from  all  carnivores  of  which  the  young 
have  been  bitherto  examined,  inasmncli  as  the  fcKtus  is  pro- 
vided with  a  supernumerary  cuticle  or  epitrichium,  a  structure 
which  has  only  been  met  with  in  the  yonng  of  certain  mem- 
bers of  other  mammalian  groups. 

The  length  of  the  period  of  gestation  is  not  accurately 
known.  Its  culmination  varies  through  April  and  May.  The 
mother  gives  birth  to  4-6,  usually  iu  a  hollow  tree.  In  the 
Berliu  Tbiergarten  in  die  spring  of  iS7i,a  mother  brought 
forth  five  young.  The  young  have  been  reared  in  captivity  in 
America  in  several  instances.  At  birth  the  young  are  small, 
about  the  size  of  a  half  grown  rat.  It  Is  asserted  that  they  are 
torn  blind  like  some  other  Camtvora. 

Grnhral  Observations. 

In  popular  opinion,  both  among  the  Indians  and  whites,  the 
raccoon  has  a  high  reputation  for  cunning  and  adroitness. 
Reports  of  the  Bureau  of  American  Ethnology  (6,  7)  have  pre- 
served for  us  many  of  the  Indian  folk-stories,  iu  which  the  rac- 
coon figures  either  as  tbe  chief  actor  of  the  story  or  else  the  sub- 
ject of  a  parallel  story  in  which  the  doings  of  some  other  animal 
of  like  cnnning  have  been  transferred  to  it.  All  these  stories 
from  whatever  source  have  but  one  theme,  namely,  the  subiil- 
ity  and  cunning  of  the  animal,  which  a  short  acquaintance 
will  render  as  clearly  apparent  as  it  ever  could  have  been  to 
tbe  Aborigines. 


490 


DAVtS: 


Food.  Omniveroasaess  bas  apparently  had  much  to  do  with 
the  fle\'clopmeot  of  the  raccoon's  huntiiig  habits.  He  plondcrs 
the  former's  com&eld,  be  lifts  the  eggs  from  the  woodpedcer's 
nest,  be  gathers  many  kinds  of  nnts,  gmbs  for  roots,  digs  oat 
turtles  and  frogs,  goes  berrying  in  the  proper  season,  robs  the 
chicken  roosts,  is  a  good  Gshertnan  aod  clam  digger.  All 
tbe^  and  a  hundred  other  activities  combine  to  show  the  ani- 
mal's  great  adaptability  in  the  secnring  of  a  varied  dietary. 
Confinement  confirms  the  charncterisiics  manifested  in  the 
wild.  The  rnccoon  seldom  sulks  when  the  table  is  spread.  He 
never  questions  the  cooking.  He  eats  a  good  meal,  and,  given 
thirty  minutes  for  refreshment  in  sleep,  is  ready  for  another  as 
bountiful  as  the  6rst.  Fruit,  bread,  jellies,  honey,  sweetmeats, 
fish,  molluscs,  smalt  crustaceans,  rodents,  and  some  green  vege- 
tables give  sufficient  variety  for  the  selection  of  proper  foods 
for  feeding  in  captivity.  Raccoons,  however,  adapt  themselves 
to  some  one  article  of  food,  and  as  soon  change  to  any  other 
which  may  be  forthcomiug.  I  have  fed  them  entirely  on  dog 
biscuit,  then  pnl  them  on  a  meat  diet,  changed  to  a  varied 
diet,  and  then  returned  to  the  dog  biscuit  without  much  ap- 
parent loss  of  appetite,  but  the  animal  thrives  best  on  a  mixed 
diet.  The  particular  conditions  of  feeding  during  experimenta- 
tion will  be  spoken  of  later.  (p.4&3. ) 

Physical  Chartulers.  The  mobiUty  of  the  fingers,  with  the 
sharp  and  partly  retractile  claws,  which  fit  the  hand  for  climb- 
ing as  well  as  for  other  purposes;  the  bushy  tail  present  as  a 
balancing  organ,  and  often  slightly  prehensile;  the  broad 
tuberctilate  molars,  not  thin  and  with  cutting  edges  as  in  the 
purely  cat  tribe;  the  pointed  and  double  edged  canines;  are  all 
indicative  of  the  physical  resourcefulness  of  this  animal,  as  well 
as  its  ability  to  hold  its  own  against  all  comers  of  equal  size. 
The  raccoon  climbs  the  bore  steam  pipes  in  the  laboratory  with 
as  much  ease  as  though  they  were  the  trees  of  the  forest.  He 
travels  along  the  electric  wire  at  the  ceiling  as  if  it  were  the 
branch  of  a  tree  and  he  on  the  under  side  of  it.  The  prehensile 
and  balancing  characters  of  the  tail  appear  whenever  the  animal 
attempts  to  climb,  or  stand  on  the  hind  feet  in  a  place  where 
the  footing  is  nncertain,  or  when  it  is  climbing  a  vertical  sar- 
facc,  in  which  case  the  tail  is  used  to  steady  the  body  in  much 
the  same  manner  that  a  woodpecker  uses  his  while  chipping 
the  bark  of  the  tree. 

Significance  of  the  Name  Lotor  {lite  Washtr).  The  nick- 
names which  the  raccoon  has  received  are  closely  associated 
with  his  observed  habits  in  the  wild  The  Indian  called  him 
"the  scratcher,"  "the  oyster- eater. "  In  Venezuela  the  Span- 
ish local  name  is  "Fox,  wash  thy  hand."  The  name  "washer" 
comes  from  the  animal's  habit  of  washing  its  food.     Beckmana 
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gives  an  acconnt  of  one  wbicfa  used  to  amose  himself  by  mash- 
ing various  odds  and  ends  in  a  bncket  of  water.  "An  old  pot 
handle,  a  snail  nhctl,  or  anything  of  the  V)rt  would  do,  bnt  the 
thing  be  loved  the  best  was  an  empty  bottle.  Clasping  it  in  bis 
.ferepaws  be  would  waddle  slowlv  to  the  bnckei  with  the  bottle 
^clasped  close  to  his  breast  and  then  roll  it  aiidriiise  it  in  the  water. 
If  any  nnc  vcnliirfd  to  di.stiirl>  him,  he  was  furious  and  threw 
himself  upon  his  back,  clinging  so  tightly  to  his  beloved  bottle 
that  he  could  be  lifted  by  it."  The  Journal  of  Comparative 
Neurology.  Dec.  1892,  p.  157,  cites  the  case  of  a  tame  raccoon 
which  was  accustomed  to  carry  his  food  across  bis  cage  to  wash 
it,  and  if  the  particles  were  too  small,  so  that  he  ate  them  up 
on  the  way  to  the  ivaterpan,  henei^rthelesscotittnued  to  wash 
with  nothing  in  his  paws.  Later,  however,  he  failed  to  carry 
the  smaller  particles.' 

The  reason  for  the  washing  of  the  food  has  been  variously 
assigned.  By  some  it  is  attributed  to  a  lack  of  saliva.  Others 
say  that  since  the  raccoon  obtains  his  food  largely  from  the 
water,  the  washing  must  mean  that  the  animal  convinces  itself 
by  the  washing  that  it  has  made  a  fre.sh  catch.  Still  others 
think  that  the  animal  washes  its  food  merely  to  clean  or  softea 
it,  though  the  process  turns  out  to  be  anything  but  a  cleanly 
one  with  coons  in  captivity.  Each  of  these  explanations  may 
and  probably  does  have  an  inkling  of  the  truth,  but  neither 
singly  nor  together,  do  they  make  clear  the  origin  or  the  pur- 
pose of  this  interesting  and  puzzling,  though  long  observed, 
habit.  If  water  is  not  provided,  the  raccoon  takes  the  food  to 
the  dry  basin  and  there  repeats  his  ancestral  wasbiug.  A 
basin  and  water  lacking,  he  sits  on  his  haunches  and  rubs  the 
food  between  his  dry  paws.  If  the  key  to  the  problem  lies 
somewhere  back  in  the  long  li.st  of  ancestral  traits  we  may  hope 
that  some  animal  under  observation  will  yet  offer  us  the  proper 
solution. 

Dexterity  in  the  use  0/ paws.  The  clevernes.*;  with  which  the 
raccoon  uses  his  paws  is  seen  in  the  facility  with  which  it  will 
catch  insects  in  their  flight,  an  amusement  which  appeals  to 
the  young  ones,  and  also  in  the  marked  ability  to  pick  up  minute 
morsels  of  food  and  carry  them  to  its  mouth.  Aiasworth 
Davis  (11)  remarks  that,  "these  peculiar  powers  of  mauipulation 
as  regards  the  organsof  prehension,  by  which  the  food  is  seized 
and  carried  to  the  month,  are  indicative  of  intelligence  above 
the  average  iu  the  animals  in  which  they  manifest  themselves.'' 

■Aadnbon  remarks  tbat  he  nerer  Mir  hla  t«me  coon  inch  Ita  food. 
!□  view  of  thia  mott  cbaracteHstic  babit  cscnping  the  notice  of  the 
great  osttirilist,  we  can  but  rctuu-k,  in  pa&sinK,  on  tbc  tDcomplctcncsa 
of  ilau  which  a.ny  aiuKle  Modcnt  mmy  hope  to  tecarc  from  his  owb 
obbervaiiout  miotic. 
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This  dexterity  is.  however,  in  large  degree  s  matter  of  prac- 
tice. Wbeu  raccoous  first  come  iu  from  the  wild,  and  have 
gotten  accnstomcd  to  take  food  from  the  keeper's  hand,  the 
paws  are  moved  simultaneously  to  secure  the  morsel.  PMfect 
co-ordinatton  as  to  direction,  ia  the  movements  either  of  both 
paws,  or  a  single  paw,  is  lacking.  Through  practice,  however, 
the  animals  soon  acquire  the  ability  to  use  each  fore  paw  iade- 
pendeatly.  and  are  finally  able  to  use  one  paw  with  greater  i 
quickness  and  accuracy  than  they  formerly  used  the  two. 
Burk's  (8)  exposition  of  the  development  of  band  movements  in 
the  child  would  seem  to  throw  light  on  this  observation,  for,  as 
he  remarks,  "the  progress  in  evolution  of  baud  movemeuts  in 
the  biologic  bcale  has  been  from  extreme  fewness  in  number  to 
infinite  variety,  Crum  simplicity  to  complexity,  from  clumsy  in- 
accuracy to  precision,  from  simultaneous  associations  to  those 
which  constitute  long  series  in  sequence,  from  the  general  to 
the  specialized,  F^r6  shows  in  one  of  his  works  that  the  abil- 
ity to  move  one  hand  without  the  other  is  small  among  the 
imlwcile  class.  This  tendency  of  tlii:  imbecile  class  to  simalta- 
neous  movements  suggests  atavism  since  simultaniety  is  the 
dominating  law  of  the  fundamental  movements  and  succession 
is  tbe  human  characteristic  of  accessory  movements.  Simulta* 
neotis  movements  of  the  band  suggests  reversion  to  the  condi- 
tions when  the  hand  was  a  fore  limb."  If,  then,  these  conclusions 
are  true  wc  may  here  also  find  some  justification  for  placing 
the  raccoon  above  the  average  in  the  scale  of  intelligence. 

Curiosity.  While  a  perfected  hand  is  without  doubi  a  true 
index  of  intelligence,  it  is  at  best  a  physical  and  indirect 
one.  A  much  more  immediate  and  essential  symptom  is  tbe 
exhibition  of  lively  curiosity — in  psychological  terms,  spon- 
taneous attention  and  the  instinct  to  investigate.  Without  it 
active  intelligence  is  out  of  the  question.  Tbe  raccoon  is  an 
animal  which  displays  this  quality  in  a  high  degree.  Its  curi- 
osity contributes  to  tbe  development  of  its  intelligence  while 
at  the  same  time  it  often  becomes  a  source  of  serious  lesson 
teaching.  The  animal  would  scarcely  fall  into  the  lure  of  the 
baited  trap  nnle.ss  led  on  by  its  curiosity  when  once  the  scent 
of  possible  food  has  aroused  it.  Tbe  trapper  takes  advantage 
of  this  when  he  wraps  a  piece  of  tin  foil  around  the  trencher  of 
the  trap,  which  is  then  placed  two  or  three  iuchea  under  water, 
where  it  ripples  a  little,  covering  all  but  the  foil  with  leaves  or 
grass.    The  glittering  foil  prompts  the  coon  to  investigate. 

Sometimes  the  raccoon  manifests  a  knavery  which  leads  to  a 
jusipunishmeut,  Groos  (i6)  quotes  from  Beckmann  tbe  follow- 
ing account  of  a  tame  raccoon  which  wascspecially  attached  to  a 
badger  iu  the  same  enclosure.  "On  hot  days  the  badger  was 
accustomed  to  lake  his  nap  in  the  open  air  under  the  shade  of 
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an  alder.  Then  the  mischievous  coon  fonnd  his  opportunity, 
but  as  he  feared  the  badger's  bite  he  carefully  kept  his  dis- 
tance, satisfying  himself  with  touching  his  victim  softly  in  the 
rear  at  intervals.  This  was  enough  to  keep  the  sleepy  fellow 
awake  and  reduce  him  to  despair.  In  vain  he  snapped  at  his 
tormentor:  the  wary  coon  trotted  to  the  edge  of  the  enclosure, 
and  scarcely  bad  the  badger  composed  himself  before  he  was  at 
his  old  tricks.  One  day  he  was  too  severe  with  the  badger, 
which  went  off  growling  and  rolled  into  hi!«  hole.  After  awhile 
he  put  his  head  out  on  account  of  the  heal  and  went  to  sleep 
thus  intrenchtd.  The  coon  saw  that  he  could  not  expect 
much  attention  from  his  friend  under  these  circumstances,  and 
was  about  to  set  off  for  home  when  the  badger  suddenly  awoke 
and  stretched  his  narrow  red  mouth  wide  open.  This  so  sur- 
prised our  hero  that  he  turned  back  to  examine  the  rows  of 
white  teeth  from  every  point  of  view.  Tbe  badger  continued 
immovable  in  the  .same  position,  and  this  excited  the  coon's 
curiosity  to  the  highest  pitch.  At  last  he  ventured  to  reach 
out  and  tap  the  badger's  nose  with  his  paw.  In  vain,  there 
was  no  chnnge.  This  behavior  of  his  comrade  was  inexplica- 
ble, hi.s  impatitruce  increased  every  moment,  he  must  solve  the 
riddle  at  any  cost.  He  wandered  about  for  awhile,  apparently 
undecided  how  best  to  pursue  the  iuvefittgatton.  but  reaching 
a  decision  at  last  he  thrust  his  pohited  snout  in  the  badger's 
open  jaws.  The  rest  is  not  difficult  to  imagine.  The  jaws 
closed,  and  the  raccoon  caught  in  the  trap,  squirmed  and 
floundered  like  a  captive  rat.  After  a  mighty  scuffling  and 
tugging  be  at  length  succeeded  iu  tearing  his  bleeding  snout 
from  the  cruel  leeih  of  the  badger  and  fled  precipitately.  The 
lesson  lasted  a  long  time,  and  after  it  whenever  he  went  near 
the  badger'."*  kennel  he  involuntarily  put  his  paw  over  his 
nose."  The  above  minutely  detailed  description  shows  how 
dominant  the  element  of  curiosity  is,  and  in  addition  there 
appears  a  tenacity  of  memory  plus  something  almost  reflective, 
which  found  its  expression  in  a  quite  fully  developed  new 
method  of  defense,  namely,  that  of  placing  the  paw  above  the 
snout  when  near  the  enemy.  Raccoons,  when  not  too  wild, 
push  their  paws  into  all  the  pockets  of  the  keeper  which  are 
ao.'essible,  and  lift  all  movable  parts  of  their  cage  and  try  to 
find  out  what  is  in  or  under  them.  Nothing  escapes  their 
notice  in  the  long  run.  They  therefore  lend  themselves  readily 
to  training  or  experimentation.  Details  illustrative  of  this 
last  will  follow  in  a  later  section. 

Vocaliaatians.  An  interpretation  of  the  vocalizations  of  the 
raccoon  is  possible  only  in  terms  of  accompanying  circumstance. 
The  cry  of  the  young  for  the  mother  is  often  so  nearly  like 
that  of  the  human  infant  that  unless  one  were  aocnstomed  to 

JODKHAL— s 


454 


DAVIS: 


hear  it,  it  would  easily  be  so  mistaken.  A  low  growl,  lilce 
that  of  tbe  bear  in  quality,  warns  off  the  intruder.  This  is 
also  giveu  wben  iu  possession  of  food  and  fearing  its  loss. 
When  the  coon  springs  forward  to  bite  there  is  the  accompany- 
tDg  snail  resembling  iu  pitch  aod  quality  that  of  other  mem- 
bers of  tbe  dog  aud  bear  family.  A  coiumoa  call  in  the  woods 
is  in  character  a  pun,  which  approaches  very  nearly  in  quality 
and  carr>'ing  powers  to  the  tremulous  note  of  the  tree  frog.  It 
lacks  a  little  of  the  shrilliie>;5  of  the  frog  note,  and  rises  in 
pitch  when  uttered  by  the  young  instead  of  the  adult.  When 
the  mother  is  nursing  her  j'oung,  she  gives  forth  a  note  which 
is  almost  a  perfect  imitation  of  the  sound  of  a  humming-bird's 
wings  as  it  pauses  before  the  Bower.  The  two  sounds  are  so 
nearly  alike  in  character,  thai  I  was  myself  deceived  many 
times  Iwfore  I  was  able  to  locale  it  in  the  cage  rather  than  in  the 
vines  which  grew  in  the  rear.  The  mother's  warning  note  in 
danger  is  almost  inaudible.  If  one  attempts  to  sound  the  letter 
m  short  and  explosively  with  closed  lips,  at  the  same  time 
allowing  the  air  to  be  driven  in  short  bla.<^ts  through  the  nos- 
trils, a  very  fair  reproduction  of  ihe  sound  results.  Althongh 
the  note  is  very  low,  1  have  ne%-er  seen  a  young  one  fail  to 
recognize  it  even  in  the  midst  of  the  fiercest  tuss)e  of  its  play. 
A  note  quite  frequently  heard  in  captivity  either  while  at  play 
or,  indeed  when  angered,  can  be  very  nearly  reproduced  by 
placing  the  Hps  in  the  posilinn  for  whistling,  and  uttering  tbe 
00  of  boot  followed  by  / — <m/.  This  vocalization  must  also 
be  giveu  explosively.  This  and  the  note  above  require  some 
practice  to  imitate  perfectly.  That  the  vocalizations  of  the 
mother  possess  great  significance,  although  differing  but  slightly 
in  quality,  is  shown  by  the  experience  with  No.  3  when  she 
was  captured  wiih  htr  young.  The  mother  was  taken  from  the 
tree  first  and  placed  in  a  large  box.  When  No.  5  was  captured 
and  pushed  into  the  box  with  his  mother  he  made  a  vicious 
attack  upon  her,  but  she  simply  gave  out  a  low  purring  note 
and  the  young  fellow  immediately  snuggled  up  to  his  mother 
and  became  quiet. 

/•Var.  When  the  raccoon  is  afraid,  it  trembles,  crouches  into 
some  corner,  backs  off,  and  frequently  turns  and  runs.  Some- 
tinier  the  animal  stands  perfectly  still  with  tbe  head  towered 
and  back  hunched,  looking  at  aud  following  every  movement 
in  the  direction  of  the  cause  of  fright.  Tbe  former  attitude  is 
shown  in  the  animal  at  the  left  in  Fig.  7,  Plate  II,  the  latter 
position  is  shown  in  Fig.  4  of  the  same  plate.  Often  a  low 
vocalization  or  a  diminutive  grunt  accompauics  e\-ery  move- 
ment. Sometimes  a  coon  just  iu  from  the  wild  will  try  to  cover 
its  head  and  thus,  ostrich  like,  render  itself  free  from  all  danger. 
Fright  is  usually  accompanied  by  a  relaxation  of  the  anal  and 
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urinary   muscles,    resulting  in  defitcation    and    discharge  of 
urine. 

Greed.  That  the  raccoon  is  greedy  goes  without  saying. 
Ao  snimal  whose  bare  existence  usually  depends  ou  getting  all 
that  cau  be  secured  is  so  iu&liuctively.     A  taccoon  will  gather 

'in  one  place  all  the  food  he  can  secure  and  sitting  down  upon 
it  endeavor  to  keep  all  others  away  until  the  food  Is  completely 
devoured.  The  method  of  dislodgmcot  is  to  back  in,  push  the 
would-be  glutton  from  his  spoil,  and  then  reaching  under  the 
body  pull  the  food  to  the  new  pos.^ssor.  Sometimes  there  is 
a  direct  attack  and  scuffle.  Food  is  not  the  only  boue  of  coa* 
tenlion.  One  animal  will  Iry  to  keep  the  others  from  the  water 
basin.  This  activity,  however,  may  change  to  a  species  of 
play.  If  the  food  is  being  given  to  the  whole  pack  in  small 
pieces,  some  will  take  their  portion  and  stuff  it  in  their  mouths 
and  return  again  and  again  until  the  mouth  is  611ed  to  its 
utmost  capacity.  Often  they  will  even  throw  away  for  the 
time  being  what  is  given  them  in  order  to  be  in  the  scaSle  for 
the  last  rations.  These  activities  are  simply  indications  of  the 
adaptation  to  wild  conditions;  where  periods  of  want  follow 
hard  upon  those  of  satiety. 

Play,  The  plays  of  the  raccoon  might  be  clas5i6cd  as:  t. 
Simple  activity;  3.  Feeding  and  fighting  plays. 

Plays  of  simple  activity  are  thu!>c  in  which  the  animal  plays 
for  the  most  part  by  itself,  as  when  it  takes  a  small  stick 
or  wisp  of  straw,  and  rubbing  it  in  the  direction  of  it.f  longer 
axis  between  the  fore  paws,  raises  its  paws  above  its  head 
during  the  rubbing  until  6nally  it  falls  or  rolls  over  back- 
wards. Catching  a  dangling  rope  with  the  teeth,  or  seizing  a 
flying  trapeze  with  all  fuur  paws  and  swinging  on  it.  or  going 
through  gymnastics  on  a  horizontal  bar,  also  belong  in  this 
class.  One  of  the  raccoons,  after  jumping  from  the  roof  of  the 
inner  cage  to  a  6ying  trapeze,  swung  for  a  few  minutes  and 
then  fell  some  three  or  four  fe«t  to  the  floor  of  the  cage,  land- 
ing on  her  back.  As  if  angered  by  the  fall  and  giving  the 
trapeze  the  credit  for  the  mishap,  she  climbed  to  the  top  of  the 
inner  cage  again  and  attempted  to  wrench  and  gnaw  it  from  its 
fastenings.  Here  would  seem  to  be  the  beginning  of  an  asso- 
ciation of  immediate  cause  and  effect.  One  of  the  young 
coons  used  to  sit  ut  night  in  froui  of  the  swing  door  to  one  of 
the  sleeping  boxes  and  raise  it  up  and  let  it  fall  for  half  an 
hour  at  a  time.  I  was  never  able  to  discover  any  particular 
reason  for  this  activity,  though  there  may  be  an  element  of 
pleasure  iu  the  rhythmic  sound  produced.  A  horse  will  some* 
times  move  a  carriage  against  its  cramped  wheel  iu  such  a  way 
as  to  produce  a  rhythmic  sound  apparently  for  that  purpose. 

I^Sometimes  a  coon  will  sit  on  its  haunches  and  beat  a  tattoo 
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with  its  fore  paws  on  the  fioor  in  front,  with  no  other  apparent 
purpose  thAn  its  own  amusement.  Tipping  over  the  water 
basin  as  soon  as  it  was  Slled  was  indulged  in  by  both  old  and 
jroun^  until  I  was  compelled  to  put  the  water  in  an  earthen  jar 
too  large  and  heavy  to  be  tipped  over.  Catching  flies  from  the 
walls  of  the  sleeping  boxes  is  a  iavorile  amusement  on  snltry 
summer  afternoons.  Twice  I  nojiced  young  one*  in  the  act  of 
sucking  their  paws  after  the  manner  of  bears. 

Among  the  plays  which  seem  to  be  related  to  feeding  and 
fighting,  we  find  the  raccoon  dipping  ils  paws  into  the  water 
basin  and  then  thrusting  them  while  still  wet  into  the  face  of 
a  pursuer;  also  rubbing  the  dry  and  empty  paws  in  the  f^me 
fashion  as  when  washing  food  in  water,  this  is  often  resorted  to 
as  B  form  of  amusement  during  the  time  between  feeding 
periods.  Sometimes  one  animal  will  take  a  piece  of  food  and 
try  to  conceal  it  or  run  away  with  it,  while  others  loUow  aud 
try  to  secure  it.  This  kind  of  play  takes  place  when  there  is 
plenty  of  food  and  all  have  satii^ed  their  appetite  for  the  time 
being,  since  the  food  itself  will  often  be  left  for  some  minates 
before  being  eaten. 

The  fighting  plays  appear  also  ia  the  tussleof  the  young  nith 
each  othffT,  old  ones  among  themselves,  or  the  mother  with  her 
young.  If  two  animals  begin  a  tussle,  they  usually  stand  off 
facing  each  other  with  head  down,  back  humped,  and  paws  ex- 
tended in  front.  There  are  two  or  three  preliminary  advances 
and  retreats  and  then  comes  the  set-to,  when,  very  much  as  in 
the  "catch- as-catch-can"  wrestling,  they  seize  each  other  with 
the  fore  paws  and  twist  and  turn  in  the  attempt  to  throw  each 
other  over  backwards  and  thus  expose  the  throat  to  attack. 
Ouce  down  there  will  be  a  playful  u&e  of  teeth,  accompanied 
by  more  or  less  vocalization,  lollowed  by  a  quick  break-away 
and  an  immediate,  or  delayed  renewal  of  the  tussle.  If  the 
young  ones  begin  such  play  with  each  other,  it  often  happens 
that  the  old  ones  Ixgin  a  similar  match  among  themselves. 
This  last  may  be  an  instance  of  imitation,  and  will  receive  con- 
sideration later.  When  one  of  the  young  ones  attempted  to 
hang  from  a  low  trapeze  and  have  a  good  swing,  another  young 
one  came  along  and,  thrustiog  his  nose  into  the  gymnast's 
stomach  pushed  him  to  the  floor  and  then  took  the  place  on 
the  trapeze  himself,  throwing  back  his  head  and  playfulty 
growling  at  the  discomfited  fellow  who  usually  took  this  oa  a 
signal  to  retaliate  in  a  similar  attack. 

I  gave  them  a  rubber  ball  oue  day.  At  first  they  tried  to 
eat  it,  but  when  they  discovered  that  it  would  roll  the  play  be- 
gan in  earnest.  One  would  back  off  with  the  ball  between  his 
paws  while  another  would  try  to  secure  possession  of  it.     Its 
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attrnctivenesfi  tasted  but  a  short  time,  however,  and  after  the 
first  few  days  they  never  played  with  the  ball  again. 

If  the  mother  and  young  are  approaching  each  other  from 
opposite  directions  the  mother  will  sometimes  catch  the  hind 
foot  of  the  young  one  jasl  as  she  is  passing  and  tnrn  it  over  on 
hs  back  with  a  quick  fiip,  the  young  one  then  attempts  to  de- 
fend itself  wiih  its  feet  in  air,  or  by  curling  up  against  the 
mother  who  tries  to  rub  its  stomach  with  her  nose.  I  find  this 
seizing  by  the  hind  foot  while  bearing  off  with  the  shoulders  to 
be  a  very  common  method  of  fighting  among  mature  coons. 
The  raccoon  also  fights  on  its  back,  so  we  probably  have  here 
the  beginnings  of  a  proper  training  for  future  struggles  where 
the  life  of  the  animal  is  at  stake.  Sometimes  the  young  ones 
by  themselves,  but  more  often  the  mother  would  catch  one  by 
the  tail,  or  hind  foot,  either  with  the  paws  or  teeth,  and  drag 
it  backwards  across  the  cage.  Thi.'i  usually  resulted  in  a  tussle, 
in  which  the  victim  on  its  back  tried  to  seize  the  bead  aud  neck 
of  the  attacker  with  its  fore  paws  and  pull  tt  down  within  reach 
of  its  jaws. 

The  study  of  Dr.  Robiii.son  (30)  on  ticklishncss  has  e^'idcnt 
bearing  on  this  kind  of  play,  and  from  him  I  quote: 

"Not  onlT  rvrry  part  of  our  physical  frsm«,  hot  every  icatinct  and 
appetite,  either  is.  or  has  been  at  some  past  ttsge  of  human  history, 
necessary  to  secure  the  survival  or  prosperity  of  the  race.  Thcbatinj; 
of  the  teeth,  the  defPDsive  uioveiuenta  of  the  limba;  the  aitrmpts  to 
protect  reK>oOH  from  attack  as  neck,  armpits,  and  (i^oin  arc  character- 
latjc  of  ticKliuK  pursDcd  to  a  vigorous  outcome.  We  arc  dealing  with 
but  one  type  of  ticklishoesa,  viz,,  that  which  is  especially  present  to 
early  life — when  it  is  plainly  as«ociated  with  a  nalnral  desire  or  appc- 
tile  which  is  intermittent,  uecdiu;;  the  sobject  10  be  iu  a  reccpitve 
mood,  and  which  is  always  associated  with  laughter  and  ^lay.  This 
form  has  a  social  significance,  which  the  otbera,  aa  irritabtlity  of  the 
mucous  menitirauc!),  on  the  palate  and  in  the  nostrils,  or  the  palmer 
snrfaces  or  soleti  of  the  feet,  have  not. 

"  The  more  ticklish  rej^ions  of  the  tHxly  both  in  man  and  animalB 
are  cbieQy  the  aimpils  aud  coutij^uous  p«rt»;  the  ribs,  especially 
where  they  \oia  the  abdomen;  the  front  and  sides  of  the  neck,  espe- 
cially \\tst  sboTe  the  collar-bone:  the  upper  and  inner  parts  of  the 
thiKn,  over  the  region  known  to  anatomists  as  "Scarpa's  Trianf^Ic  "  ; 
•od  on  the  limbs,  the  parts  bcbiod  the  knee  aud  in  front  of  the  elbow. 

"Three  points  arc  plain:  I.  All  the  young crcatniea  which  obvioBfily 
take  pleasure  in  beiuR  tickled — which  have  the  appetite  in  a  marked 
degree — are  natorally  playfol,  and  appear  to  take  a  special  delight  in 
romps  of  a  rough-and-tumble  character,  which  are  essentjally  mock 
battles.  >.  The  ref^os  which  are  especially  ticklish  and  most  care- 
fully defended  in  tbe«c  K"Uiea  are  ihoae  which,  in  a  serious  fight  with 
formidable  teeth  aniJ  claws,  would  prove  most  vulnerable,  j.  All 
these  aiiimala,  with  the  exception  of  man,  are  armed  in  this  way,  and 
settle  their  differencea  by  adroit  use  of  snch  weapons. 

"Hence,  a  youiiK  dog  or  ape  which,  in  the  tnnnmerable  sham  figbbt 
of  it*  youth  learns  to  defend  the  axiltw  where  a  single  bite  mi>cht 
sever  the  axillary  artery;  the  neck  with  the  carotids  and  windpipe 
jnat  under  the  surface;  the  flanks,  and  borders  of  the  ribs,  where  « 
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comparatively  sligfat  tear  lays  open  the  abdominal  cavity;  aad  the 
groin  where  ihc  great  femoral  veaaels  lie  close  to  the  skin,  would, 
without  doubt,  b«  Tsstly  better  e<iuipped  for  the  Aerce  combat*  for 
sapremacy  in  after  life  than  an  animal  which  hi(\  not  undergone  the 
same  elaborate  traininK-  Warfare  becomes  more  and  more  a  matter 
of  educaliou,  tactics,  and  stiate^y,  and  less  a  matter  of  brute  force,  oa 
the  scale  of  intelligence  is  ascended.  Innnmerahle  feints  and 
methods  of  atlaclc  appear  which  are  countered  by  u  series  of  ({uarda 
equally  elaborate.  StralcKy  depends  upon  experience,  adroltnesa,  and 
adaptirene&s  and  not  upon  inherent  inatincts.  It  must  be  learned; 
and  a  vouiik  animal  wliich  Iiad  not  the  adrBUtaee  of  an  educution  de- 
rived from  sham  G^fbts  iu  early  youlfa  woula  be  as  helpless,  whes 
bronght  face  to  face  with  an  experienced  foe,  as  one  of  us  who  knew 
□otbiuR  of  listicufis  or  sword-play  would  be,  if  he  were  pitted  againat 
a  practiced  pugilist  or  fencer." 

One  of  the  most  interesting  observations  upon  the  play  of 
these  animals  wa.i  made  ilnring  the  first  week  after  I  secnred 
the  mother  and  her  three  yotmg  ones.  When  no  one  was  look- 
ing on  they  used  to  sally  forth  from  the  little  inside  sleeping 
boxes  into  the  yard  of  the  large  cage.  The  mother  was  always 
leading  and  eaeh  little  fellow  followed  with  one  of  his  fore  paws 
on  the  hip  of  the  fellow  jnst  ahead.  This  seemed  like  a  sort  of 
folio w-the- leader  game. 

In  rare  instances  there  appeared  activities  which  might  be 
interpreted  as  having  sexual  significance.  Such  would  be  those 
where  one  animal  seized  the  other  by  the  thighs  with  the  fore 
paws  and  held  it  thus  fur  sometime,  or  simply  dragged  it  abont 
the  cage  after  having  thus  seized  it. 

Ifibematuyn.  Attentioti  has  already  been  called  to  the  abil- 
ity of  the  raccoon  to  adapt  itself  to  variations  of  diet.  A  study 
of  its  life  during  the  first  and  second  winters  seems  to  point  to 
a  similar  adaptability  to  prevailing  dilTerences  of  temparature. 
The  characteristics  of  the  hibernating  period,  as  slight  beating 
of  the  heart,  apparent  cessation  of  respiration,  loss  of  fat  ac- 
cumulated during  the  summer  and  autumn  in  supplying  the 
constant  demand  iu  the  production  of  heat  energv,  the  neces- 
sity of  seclusion  lest  the  shock  of  sudden  waktng  with  its  heavy 
demand  upon  circulation  and  respiration  should  cause  immedi- 
ate death;  these  are  all  familiar  to  the  student  of  the  habit.s  of 
mammals  undergoing  the  profound  sleep  of  the  hibernating 
period.  The  raccoon,  however,  does  not  sleep  as  profoundly 
as  the  bear.  The  coustaut  loss  of  moisture,  compels  it  to  come 
out  of  winter  quarters  and  seek  the  water.  In  the  wild  when 
they  come  out  they  sometimes  travel  for  a  mile  or  more,  either 
returning  to  their  own  den  or  turning  in  with  another  coon , 
with  which  they  pass  the  remainder  of  the  period. 

During  the  first  winter  my  animals  went  into  hibernation  in 
an  apparently  normal  way.  They  used  to  come  out  about  once 
in  two  weeks  for  water.    At  such  times  they  seemed  to  be  get- 
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ting  weaker  and  weaker.  Their  actions  were  those  of  adJmals 
which  had  been  in  one  position  a  longtime,  so  that  the  tremb- 
ling of  the  body,  and  tottering  (;ait  might  have  been  due  to  a 
cramp  from  which  ihey  had  but  just  found  release.  On  com- 
ing out  permauently  in  the  spring,  one  of  the  animals  was 
taken  sick.  She  lost  all  her  strength.  If  she  attempted  to 
climb  or  stand  up  on  her  hind  legs,  she  would  fall  to  tlie  floor 
in  a  helpless  condition.  The  enteric  plug  of  the  coon  is  not  as 
large  and  hard,  proportionately,  as  that  of  other  hibernating 
animals,  but  this  animal  acted  as  if  poisoned  hy  the  retention 
of  the  faeces  and  urine.  Proceeding  to  treatment  on  the  basis 
of  this  diagnosis  she  made  a  quick  recovery  after  her  relief 
from  the  disturbing  cause. 

During  the  first  winter  the  cage  was  out  of  doors.  During 
the  second  winter,  since  living  in  the  city  rendered  it  imprac- 
ticable to  keep  the  cage  outside,  it  was  placed  in  the  basement 
of  a  stable.  This  was  commodious  and  well  lighted,  and 
without  artificial  heat.  The  differences  in  temperature  between 
inside  and  outside  during  the  season  were  of  but  a  few  degrees, 
and  yet  none  of  the  raccoons  went  into  hibernation.  Two  others 
which  came  in,  one  about  the  middle  of  the  winter  and  another 
almost  at  the  end.  went  through  the  normal  process  of  gradu- 
nally  waking.  This  failure  to  hibernate  has  thus  far  shown  no 
determinate  effect.  In  fact  the  physical  condition  of  the  ani- 
mals seems  higher  since  they  have  been  able  to  avoid  the  usual 
de[)letion  of  the  period.  The  lower  latitndes  of  the  geographi- 
cal range  of  the  raccoon  offer  conditions  of  such  a  character 
that  hibernation  is  unnecessary,  but  the  Interesting  feature  of 
this  observation  was  that  so  small  differences  of  temperature 
s«em  to  have  been  sufficient  to  cut  out  the  period  and  habit 
altogether. 

Dhpos^  of  exeremeni.  Raccoons  in  the  wild  drop  the  faeces 
wherever  they  happen  to  be  and  leavethemexposed.  Thisisone 
of  the  means  used  by  hunters  for  tracking  them  or  determin- 
ing their  presence  in  a  locality.  It  is  also  likely  that  from  tbe 
otficrvation  of  the  ftsces  thus  dropped,  the  Indians  acquired 
su£Scieut  knowledge  of  their  feeding  habits  to  sttribuie  to 
them  the  conversations  on  the  effects  of  certain  wild  fruits, 
which  we  find  in  the  Indian  folk-stories. 

At  first  my  animals  in  captivity  followed  tlie  habit  of  the 
woods,  exercisiug  no  selection  of  place  for  the  deposit  of  the 
fa:ces.  When  confined  in  a  small  cage  of  two  com]Hirtments, 
an  upper  and  a  lower,  they  soon  made  a  choice,  one  of  a  corner 
in  the  lower  compartment,  the  other  of  the  entire  upper  com- 
partment. ■\\Tien  put  into  the  larger  cage,  they  gradually 
formed  tbe  habit  of  depositing  behind  the  inner  cage  in  a  nar- 
row but  somewhat  concealed  passageway.      When  moved  into 
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a  Still  larger  cage  with  other  animals,  where  the  Boor  wa^  cov- 
ered with  sawdust,  all  soon  selected  a  definite  part  of  the  floor 
and  began  covering  the  excrement.  Theset*en  animals  which 
are  now  together  in  a  still  larger  place  of  confinement,  have 
two  places  within  the  area,  aiid  at  one  of  the  other  of  these 
they  all,  with  but  rare  exception  deposit,  nrinate,  and  cover. 

Something  similar,  so  far  at  least,  as  regards  the  constant  use 
of  a  particular  place  is  not  infrequently  to  be  observed  in  the 
case  of  other  animals.  I  am  not  anrftre,  however,  that  the  tak* 
ing  on  of  the  covering  habit  hud  been  noticed.  lu  any  case 
the  observation  is  a  most  interesting  one.  We  have  a  btereo- 
typed  form  of  behavior  which,  if  observed  in  its  final  steps 
alone,  would  unhesitatingly  be  pronounced  instinctive,  acta* 
ally  acquired  in  a  comparatively  short  time  and  under  obsiUT^a- 
tioD.  That  it  i%  a  response  to  some  special  feature  or  features 
«r  the  life  in  confinement  can  hardly  be  doubted,  and  the  ques- 
tion is  natural  as  tn  bow  far  other  stereotyped  and  seemingly 
instinctive  forms  of  activity  in  these  and  other  animals  are  like- 
wise plastic  and  owe  their  secerning  fixity  to  the  fixity  of  the 
conditions  in  which  the  animals  usually  pass  their  lives.  We 
may  even  ask  the  further  question  whether  man's  greater  plas- 
ticity is  not  iu  large  measure  the  reflexion  of  his  complex  and 
varying  environment  rather  than  a  si)ecial  endowment. 

These  questions  are  of  course  more  difficult  to  answer  than 
to  ask  and  it  is  not  our  purpose  here  to  iry  to  answer  them. 
Even  the  attempt  to  fix  upon  the  special  features  of  the  life  in 
captivity  that  are  responsible  for  the  change  must  be  largely 
cuujeclural.  The  uniformity  of  place  selected  may  have  an  clc- 
tnent  of  imitation  in  it,  to  be  discnssed  later,  or  may  be  the  re* 
suit  of  an  association  by  which  the  odor  of  the  excrement 
tends,  when  the  time  of  excretion  is  near,  to  suggest  the  act. 
The  disagreeable  association  of  udure  with  no  possibilitj'  of 
escape  for  an  animal  not  accustomed  to  its  presence  may 
account  for  the  covering  which  conceals  what  cannot  be  le^ 
behind  and  thus  otit  of  sight. 

Temperament.  Whoex-er  has  observed  animals,  either  wild 
or  tame,  for  any  considerable  time,  swjoner  nr  later  discovers 
that  tbey,  like  the  human  animal,  have  widely  differing  tem- 
peraments, and  manifest  var>-ing  characteristics,  which  may 
depend  in  part  on  physical  organization  but  find  pruximate 
cause  in  changes  in  weather  conditions,  food,  or  other  disturb- 
ing factors  not  so  readily  classified.  While  it  may  be  less  possi- 
ble even  than  nitb  man  to  select  distinctive  physical  marks 
of  temperament,  such  as  the  color  of  the  eyes,  hair,  and  skiu, 
temperature,  character  of  the  pnlse  beat  and  quality  of  the 
flesh,  yet  impetuonsncss  of  action,  sluggishness,  cruelty, 
ferocity,  solitary  or  gregarious  tetidencieSf  morosuies,  sttijud* 
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ity,  non-irritability,  and  such  like,  when  observed,  go  far 
towards  giving  a  more  perfect  undeTStanditiK  of  animal  life- 
Indeed,  these  temperamental  differences  are  often  as  well  de- 
fined as  in  the  case  of  human  individuals.  Some  animals  are 
of  the  nervous,  others  of  the  phlegmatic,  and  still  others  of  the 
bilious  type,  if  we  may  be  allowed  to  designate  them  thus  for  pur- 
poses of  descriptiou.  Those  of  the  most  purely  nervous  type 
are  much  more  active,  make  many  more  muvemenls  in  experi- 
mental work,  and  yet  accomplish  the  task  in  the  same  or  less 
time  than  their  more  slowly  moving,  accurate  and  phlegmatic 
fellows. 

A  blow  with  a  stick  may  mean  to  one  animal  a  never-to-be-for- 
gotten injury,  while  to  another  it  merely  serve.i  as  a  corrective. 
Raccoon  No.  3.  whose  photograph  appears  in  Figs.  4.  and  11, 
and  at  the  right  of  Fig.  7  in  Plate  II.  has  never  ceased  tu  re- 
member a  blow  which  was  given  in  a  thoughtless  momeul, 
when  the  roaster  lost  his  temper.  Shu  is  always  suspicious, 
and  makes  use  of  every  opportunity  to  spring  at  any  person, 
for  all  alike  are  enemies.  She  will,  however,  stand  up  on  a 
box  at  the  opposite  side  of  the  room,  or  even  in  the  middle  of 
the  floor  and  beg  for  food  as  If  she  were  the  mast  affectionate 
of  all.  (Fig.  II,  PI.  II.)  Go  near  and  you  are  met  with  a 
growl,  a  spring  and  sharp  teeth.      (Fig.  7,  PI.  II  at  the  right. ) 

Figs.  3.  6,  and  10,  PI.  H.  represent  an  animal  at  alrao.st  the 
opposite  extreme.  She  has  been  punished  ior  wroug  doing 
but  never  resents  it.  She  will  come  to  you,  sit  on  your  knee, 
climb  to  your  shoulder  for  food,  and  if  she  thrusts  her  pointed 
nose  into  your  face,  she  never  offers  to  bite,  snarl,  or  intention- 
ally scratch  you.  Fig.  i ,  is  much  of  thi.-;  same  type,  but  being 
blind  he  must  be  touched  gently,  as  he  can  only  thus  distin- 
guish friend  from  foe.  Fig.  2  shows  an  animal  which  was  at 
the  first  timid  and  somewhat  morose.  For  more  than  a  year 
it  was  impossible  to  either  coax  or  whip  hiro  into  obedience; 
then  suddenly,  without  any  apparent  cause,  he  changed  en- 
tirely. He  began  to  climb  into  the  lap,  to  eat  from  the  hand, 
and  to  do  as  was  desired.  He  seems  still  to  bold  unpleasaut 
memories  of  a  stick  which  his  master  seldom  carries  now,  and 
tfae  passing  of  the  stick  may  account  for  the  absorption  oi  the 
Brld  by  new  and  mure  pleasant  associations. 

A  change  of  scene  seems  to  affect  all  alike,  save  one.  It 
usually  lalces  about  three  weeks  for  them  to  settle  comfortably 
into  new  quarters,  and  yo  abuut  their  experimental  taxks. 
When  they  were  moved  into  the  university  building  I  was  not 
prepared  to  find  them  refuMng  to  work  even  at  their  most 
familiar  tests  for  more  than  ten  weeks.*    They  even  refused  to 


*  .\  series  of  extraneous  ilUturbances  to  which  they  were  >ub)«cted 
duriDg  the  etrlier  part  of  their  Mty  lu  the  nnivcnity  bntlding  had 
macb  to  do  with  their  loag  period  of  ucrroasncM. 
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take  their  food  from  the  hand,  save  one.  as  noted  above.  This 
is  an  old  coon.  Fresh  changes  may  arise  bat  she  is  never  dis- 
turbed. She  goes  about  as  if  all  the  new  were  old.  I  hare 
never  been  able  to  get  her  ftill  history,  and  so  suspect  thai  she 
may  have  been  in  captivity  before,  and  possibly  have  escaped. 
The  Geld  of  observation  in  temperamental  diSerences  is  a 
large  one,  but  it  is  fertile  with  clues  lo  all  kinds  of  experimental 
problems,  and  iis  possible  effects  have,  perhaps,  been  too  tittle 
regarded  by  experimenters  generally,  especially  when  experi- 
ments have  been  made  upon  but  few  individuals. 

Experiments. 

Animals  txperimenUd  upon.  It  is  hardly  possible  to  give 
more  than  an  approximate  estimation  of  the  age  of  the  animals 
which  I  have  had  and  now  ha\'e,  in  view  of  the  fact  that  they 
were  all  secured  from  the  wild  and  so  fully  grown  as  to  put 
accurate  figures  out  of  the  question.  The  figures  are  simply 
estimates  based  upon  close  observation  by  myself  and  others 
acquainted  with  the  life  of  the  raccoon  in  the  wild.  They  are 
rough  approximations,  but  are  believed  To  be  not  far  from  th< 
truth. 


No. 

Sex. 

I. 

FeoiBle. 

a. 

Kemnte. 

V 

PeiDBle, 

4' 

Male. 

Male. 

6. 

Ma.le. 

7 

Female. 

8 

Male. 

«)■ 

Male. 

lo. 

Male. 

it- 

Male. 

la. 

Pemale. 

Approx.  age. 


4)4  y»- 
4X  y". 

3      yrs. 
iXytS. 

\%  yra. 
Age  un- 
known, old. 
3  yra. 
3  yn. 
3  yr*. 
3  yr« 
i%  yrt. 


Remarkfi. 


Trapped. 

Trapped, 

Taken  from  tree  with  yottng. 

Youug  o(  No,  3- 

Yonng  of  No.  3.     Died  Feb..  1907. 

Young  of  No,  3. 

Bougbt.     Perhaps  previously  in  cap- 

tlTitT. 

Obtained  from  Pcuu.     Bacaped,  recap. 
Obtained  from  Peon.    Escaped. 
Obtained  from  I'enn,     BKBped. 
Trapped,  eacaped,  rccaplared,  died. 
Trapped,  died. 


The  ages  given  are  either  for  the  summer  of  1907,  or  the  age 
at  death  or  escape.  I  have  bad  lo  do  with  about  equal  num- 
bers of  each  sex,  and  have  not  been  able  to  determine  that  sex 
makes  much  difference  in  the  matter  of  intelligence;  it  is  rather 
the  individual  temperament  and  character  which  count. 

Housing.  During  the  three  years  which  have  thus  far  been 
given  to  a  continuous  observation  of  these  animals,  their  quar- 
ters have  been  changed  and  enlarged  as  numbers  increased  and 
experimental  conditions  made  greater  demands  for  space.  In 
the  beginning,  the  first  two  animals  were  kept  in  an  enctosure 
of  chicken  wire  fastened  to  a  wooden  framework  6  ft.  x  4  ft. 
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at  6  ft.  The  wire  was  reenforced  by  interwoven  iron  wire  of 
No.  18  gauge.  Inside  this  enclosure  was  a  small  two-storied 
closed  cage  in  which  the  animals  passed  the  nights  and  also 
hibernated  during  the  first  winter.  In  the  spring  the  third 
animal  which  was  trapped,  N'o.  11  in  the  above  list,  escaped 
firom  this  cage  and  thus  made  necessary  the  construction  of 
larger  and  more  secure  housing.  A  cage  7  ft.  square  was  con- 
structed, with  a  wooden  irBmework.  which  supported  heavy 
iron  screens  of  ij^  inch  diagonal  mesh,  such  as  is  commonly 
used  in  banking  houses.  The  rear  of  this  cage  was  shut  in 
by  a  scries  of  four  two-storied  sleeping  boxes,  so  arranged  as 
to  be  occupied  siugly  or  all  thrown  into  communication.  This 
offered  facilities  for  the  isolation  of  any  particular  animal  dur- 
ing  experimental  periods,  and  at  the  same  time  made  it  possible 
to  gratify  the  aiiimals'  propensity  to  crawl  in  and  oat  through 
dark  and  light  places.  The  third  move  was  into  an  enclosure 
inside  the  University  buildings.  This  is  14  ft.  sqtiare,  coa> 
structed  on  two  sides  of  sheathing  to  a  height  of  7  ft.,  the 
remaining  space  above  being  shut  in  by  heavy  poultry  wire  of 
y'l  inch  mesh.  The  inside  walls  of  the  building  form  the  other 
two  sides  of  the  enclosure.  Two  large  windows  look  out  on 
the  street,  which,  however,  is  some  distance  away.  The  wire 
and  the  boxes  and  staudb  placed  on  the  Soor  provide  oppor- 
tunity for  exercise  in  climbing  about. 

Feeding.  The  sorts  of  food  upon  which  the  raccoon  will 
thrive  have  already  been  mentioned  (p.  450).  Tn  the  matter 
of  feeding  three  meals  a  day  and  regularity  has  been  the  rule. 
Bostock's  (4)  six  days'  feeding  and  one  day's  fasting  has  also 
been  adopted.  This  equalizes  somewhat  Ihe  great  differences  be- 
tween the  conditions  of  food  getting  In  the  wild  and  in  cap- 
tivity. In  ."io  far  as  possible  the  times  of  exi»eriincntation  have 
coincided  with  the  feeding  periods.  In  experiments  like  those 
in  color  di.scriminatlon,  where  variation  in  natural  illumination 
was  necessary,  there  was  a  departure  from  this  rule.  The 
ration  has  been  fairly  uniform.  Neither  a  condition  of  satiety 
Dor  hunger  has  been  sought,  but  such  as  seemed  on  close 
ohser^'ation  to  be  that  of  highest  efficiency.  It  is  somewhat 
significant  that,  after  a  period  of  work,  the  coons  usually  retired 
to  the  .sleeping  boxes  and  took  a  nap  of  greater  or  less  dura- 
tion. Whether  this  was  au  alternation  of  sleeping  aud  eating 
or  one  of  work  and  »leep  is  not  clear.  Probably  all  three  fac- 
tors entered  in  some  degree. 

Apparatus.  In  the  experiments  to  be  described,  the  food  was 
placed  inside  a  wooden  box  15*  x  11*  x  la',  in  the  front  of 
which  was  a  door  b'  x  5',  which  the  animal  was  required  to 
open  in  order  to  secure  the  food.     (See  Plate  II,  Pig.  5.)    The 
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door  was  adjusted  to  open  outward  when  it  was  once  released 
by  ibe  locking  device.     The  simple  devices  used  were: 

I.  A  butlQH.  TbU  wai  ao  plic«<l  ■nd  adjusted  tbat  It  mutt  be 
thrust  downward  through  an  nogle  of  about  40^.  Tbe  button  was 
placed  at  ttie  upper  right  hand  corner  ol  the  door  dnrini'  one  series 
of  trials,  and  ai  the  upper  left  haud  corner  duriu^  a  Kecoau  series. 

3.  A  wrtical  f^atf  haflk.  This  was  placed  at  tli^  middle  of  the 
door.  It  WHS  ad)u!ited  to  move  to  the  right  in  one  irries  of  trial*,  and 
lo  tbe  left  in  anoiher  aeries. 

3.  A  Soil.  This  waa  of  the  comnion  slide-holt  pattern.  It  waa 
placed  at  tbe  left  ul  the  door,  and  adjusted  to  nlide  to  the  left. 

5.  A  T-latth.  This  was  placed  vertically  at  the  middle  of  the  door 
and  adjusted  to  move  to  the  right  in  oneseHesof  trials,  and  10  the  left 
in  another  series. 

6.  AUft-taich.  This  was  placed  at  tbe  right  of  the  door,  and  ad- 
JuBtefl  to  be  moved  through  an  angle  of  90°  in  order  to  release  tbe 
door, 

7.  A  plug.  This  was  placed  on  tbe  top  of  the  box,  and  so  eon- 
nected  irtth  a  holt  inside  the  box  that  palling  tbe  plug  drew  up  tbe 
bolt  Hud  so  released  the  door. 

8.  .  A  horisonlal  kook.  This  was  placed  at  tbe  left  of  the  door  and 
bad  lo  he  lifted  in  order  to  relcauc  the  door.  It  was  the  same  book' 
tbat  b&d  beeu  used  in  tbe  vertical  position. 

9.  A  bear-down  lever.  Tbla  was  placed  at  tbe  ri^bt  end  of  tbe 
box,  and  adjuated  to  fasten  the  door  on  the  inside.  Lifting  the  inner 
eud  abont  an  inch  releuscd  tbe  door. 

10.  A  push  bar.  ThLs  was  placed  at  tbe  rieht  end  of  tbe  box.  It 
was  adjusted  to  fasten  the  door  on  the  Insme.  A  thrust  of  about 
tbree-quuncrD  of  an  inch  released  tbe  door. 

Beside  these  sitnple  locking  devices,  which  were  u-sed  singly, 
the  door  for  certain  experiments  was  held  by  two  or  three  of 
such  simple  fastenings.  These  will  be  referred  to  asGrortpr. 
Tbe  elemei^s  oi  the  groups  were  familiar  to  tbe  animals  from 
their  use  .singly,  and  could,  of  course,  l>c  operated  iu  any 
order.    Tbe  groups  were  constituted  as  follows: 

II.  Croup  I  ecnsisted  0/  two  buttons,  one  at  tbe  upper  rigbt  band 
comer  of  thr  door  and  one  at  the  upper  left  han<l  comer. 

la.  Group  //  was  the  same  as  Group  /  with  the  vertical  gat4  koolk 
added  at  the  middle  of  tbe  door  between  the  buttons. 

The  Combinations,  like  the  group.4,  were  built  up  from  the 
simple  locking  devices  already  familiar,  but  they  di0ered  from 
tbe  groups  in  requiring  that  the  elements  should  be  operated, 
if  at  all,  in  a  definite  order. 

t  j.  Combination  /  consisted  0/ /our  locJts,  a  bear-down  lever  at  tbe 
right  end;  a  p1"g  '*>!  the  top;  a  button  at  tbe  left  of  the  door;  and  • 
TcrtiL-al  hook  plticed  n,  little  to  tbe  right  of  tbe  middle  of  tbe  door. 
The  entire  mccbnniitni  was  so  conMructed  that  each  simple  lock, 
while  a  part  ol  tbe  combiuation,  yet  fastened  tbe  door  by  itself.  Tbe 
outside  and  inside  views  of  ibis  combinatiou  are  given  in  Pigs.  $  and 
8,  Plate  II.  When  the  lever  numbered  i  was  properly  worlied  it  fat- 
tened itself  so  tbat  it  could  not  l>e  moved  tuck  BgaiQ  and  rcfasien  tbe 
door,  and  at  the  same  time  made  it  possible  to  pull  up  tbe  ping  a. 
Wbeu  tbe  ping  bad  beeu  pulled,  the  buttou  3  could  be  turned;  and 
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whcD  tbe  bnttOQ  bad  bceu  tamed,  tbe  hook  4  coold  be  releMed.  «od 
the  door  would  fljr  open. 

14.  ComdtMatton  7/  coniisted  also  0/ /our  elements:  a  pusb-bar  at 
the  left  end;  a  bolt  at  tbe  left  o(  the  dooi.  to  be  ibrust  to  the  left:  a 
button  at  the  right  of  the  door,  to  be  thrust  downward;  and  a  kind  of 
boolc,  known  at  the  hardware  dealers  as  an  iuBide-blmd  catch,  placed 
at  tbe  top  of  the  door,  to  be  thrust  to  the  ri)[ht.  The  interual  char- 
acter of  the  mrchAnUtn  was  similar  to  that  of  Conihin&lion  I.  In  this 
combination,  as  in  the  other,  the  elements  were  so  artanKed  as  to  pr^ 
vent  the  accidental  relockiug  oi  any  one  of  iheio  after  it  bad  been 
operated  in  its  proper  turn. 

All  the  simple  locking  devices  were  set  to  move  at  hetweea 
30a  gnus,  and  400  grms.  It  was  tiot  possible  to  adjust  them 
accnrately  in  tbe  case  of  the  combinatioDS,  od  account  of  tbe 
aimhined  lever  system  and  tbe  crudeness  of  the  constructioti. 
Id  the  com  bins  ttons.  therefore,  there  was  much  variation  in 
the  amount  of  force  necessary  to  move  the  fastenings. 

Methodo/  Work.  Food  was  placed  inside  the  box,  the  door 
closed  and  fastened  by  whatever  device  was  in  use  at  the  time. 
The  clo'ied  Ixix  was  then  placed  in  the  cage  and  the  animal 
turned  loose  to  investigate.  No  other  incentive  was  given  than 
curiosity  and  moderate  appetite,  possibly  intensified  by  the 
smell  of  the  food  concealed  in  tbe  box.  At  the  first  the  box 
was  not  fastened  to  tbe  flooi,  but  it  Eoon  became  necessary  to 
fasten  it.  because  of  the  rungh  handling  it  received  unless  so 
secured. 

The  times  required  for  the  working  of  the  fastenings  were 
taken  with  a  stop-watch  reading  to  fifths  of  seconds,  but  tbe 
cnr^'es  presently  to  be  considered  were  all  plotted  from  tbe 
nearest  readings  in  seconds.  The  time  taken,  included  the 
entire  period  during  which  the  animal  was  in  contact  with  the 
locking  device.  If  his  attention  was  distracted  note  was  taken 
of  the  same,  and  such  and  all  known  sources  of  error  eliminated 
from  the  learning  curves. 

Each  animal  was  given  forty  trials  00  each  locking  device. 
These  forty  trials  were  not  always  consecutive,  because  the 
animal  often  leH  the  box  after  ten  or  twenty  trials.  Sometimes 
this  was  due  to  a  satiety  of  food;  at  others  it  was  due  to  lack 
of  interest.  A  period  of  several  hours  or  even  an  eutire  day 
might  thus  intervene  at  times  between  two  consecutive  triata. 

The  successful  operation  of  the  mechauism  in  one  second  was 
taken  as  the  standard  for  perfection  in  the  case  of  the  simple 
locks.  In  the  case  of  the  cnmbinations.  the  animal  was  con- 
sidered up  to  standard  when  it  worked  the  apparatus  ten  times 
in  succession  without  error  in  the  order  or  failure  in  muscular 
adjustment  to  the  different  locking  devices.  The  times  of 
such  standard  performances  was  uniformly  about  five  seconds. 
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Results  of  Expbrihbnts. 


Variations  in  the:  attack  on  locks.  The  tests  indicate  that 
each  animal  shows  soioie  iudividuality  iu  the  method  of  opening 
the  locks,  thoQgh  different  methods  are  employed  at  different 
times.  Sometimes  the  variatton  appears  in  the  way  in  which  the 
animal  approaches  the  box,  and  this  often  involved  a  characteris- 
tic method  of  attack;  again  in  the  order  of  working  a  group; 
and  often  in  bringing  into  action  not  only  the  fore  feet,  but 
hind  feet,  nose  and  even  the  weigbt  of  the  body.  Age  also 
makes  a  difference.  Old  coons  work  with  rcser\'e,  directness, 
and  accuracy;  while  the  young  ones,  if  they  work  at  all,  make 
a  much  larger  but  less  regulated  output  of  their  energy.  A  few 
illustrations  will  make  this  matter  clear. 

When  the  button  at  the  upper  right  hand  comer  of  the  door 
was  first  given  to  No.  i ,  she  used  to  reach  down  the  front  of  the 
box  while  standing  on  the  top  and  thrust  the  button  with  tlic  left 
paw.  After  a  few  trials  she  changed.  Going  around  back  of 
the  box  to  the  right  end  and  reaching  around  the  corner,  she 
pulled  the  button  towards  her  with  the  left  paw.  Sometimes 
she  wonld  come  to  the  front  of  the  box  and  thrust  the  button 
with  the  right  paw,  or  with  the  teeth.  Nos.  2,  3,  4  and  5  al- 
ways went  to  the  front  of  the  box.  No.  2  used  bcr  nose.  No. 
3  used  her  right  paw  and  standing  at  the  left  thrust  the  button 
from  her.  No.  4  and  No.  j  used  both  paws,  and  often  teeth 
and  paws. 

In  the  case  of  the  bolt  at  the  left  of  the  door.  No.  i  bas  al- 
ways worked  it  from  the  top  of  the  box,  by  reaching  down  the 
front  and  thrusting  the  ImjU  to  the  left  with  the  right  paw. 
This  method  may  have  been  borrowed  from  the  position  first 
assumed  in  the  case  of  the  button.  No-  2  stands  in  front  and 
a  little  to  tbe  right  of  the  door  and  thrusts  the  bolt  to  the  left 
with  the  left  paw.  No  3  stands  at  the  left  end  of  the  box  and 
pulls  the  bolt  towards  her  with  the  right  paw.  Kos.  4  and  5 
adopt  at  different  times  the  method  of  No.  2  or  that  of  No.  3. 
They  have  never  worked  from  the. top  of  the  box  thus  far. 

All  five  with  practical  uniformity  now  repeat  the  position  and 
method  finally  fixed  upon,  whenever  tbe  same  device  is  pre- 
sented, even  after  intervening  periods  of  days,  weeks,  or  months. 
When  Group  II  was  given  to  No.  i.  she  used  at  tbe  first  to 
open  the  bniton  at  the  left  by  standing  at  the  left  end  of  the  box 
and  pulling  the  button  towards  her  with  tbe  right  paw ;  then 
she  would  walk  round  behind  tbe  box  to  the  right  end  and 
reachiug  the  hook  with  her  left  paw  pull  both  hook  and  button 
towards  her.  One  variation  of  this  method  was  to  stand  in 
front  of  tbe  door  and  thrust  the  button  on  the  left  with  the  left 
paw,  and  the  hook  and  button  on  the  right  with  the  nose.     An- 
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otbcr  variation  was,  stauding  in  front  aad  placing  tbe  riRbt 
paw  on  the  right  button,  tbe  left  paw  on  the  left  button,  and 
the  nose  on  the  hook,  to  open  all  at  once.  She  had  made  uae 
of  tbe  two  paw  method  in  the  case  of  Group  I,  so  that  it  was 
but  a  slight  additiou  to  use  the  nose  ou  the  hook.  Tbe  reason 
for  the  use  of  tbe  aose  on  tbe  huuk  came  from  an  earlier  ex  peri* 
encc  with  it  when  it  was  the  only  lock  in  use.  In  attempting 
to  open  tbe  door  on  the  twenty-fourth  trial  of  tbe  vertical  book 
series,  this  animal  caught  one  of  her  toes  between  the  door  and 
the  book.  From  that  time  she  adopted  the  nose  method  and 
after  more  than  a  year,  with  no  iutervetting  trial  she  still  per- 
sisted in  it.  This  seems  like  iu  character  to  the  action  of  tbe 
coon  with  the  badger  as  related  by  Groos,  and  both  show,  in 
contrast  to  the  repetition  necessary  to  perfect  the  procedure  in 
such  things  as  opening  the  locks,  that  certain  elements  of  be- 
havior, probably  ihosethat  are  supported  by  strong  iD>tinctive 
tendencies,  may  be  determined  oucefor  all  by  a  single  experi- 
ence. The  same  thing  apjjcars  also  in  Ko.  3's  coutiuued  re- 
sentment of  tbe  blow  already  referred  10.     (p.  46[.) 

One  of  the  most  interesting  and  illuminating  observations 
which  I  have  been  able  to  make  as  to  the  method  by  which 
complicated  procedures  are  perfected  is  the  foUcwtng:  One  of 
the  yuuug  coous.  No.  5,  was  at  work  on  the  beardown  lever  at 
the  right  cud  of  the  box.  It  had  just  been  preceded  by  the 
bolt  at  tbe  left  of  the  door.  Although  the  bolt  had  been  re- 
moved, leaving  the  front  of  the  box  smooth,  No.  5  still  devoted 
his  attention  to  the  place  where  the  bolt  had  previously  been, 
and  nearly  wore  himself  out  tr>'tng  to  push  something  from  tbe 
[place  where  nothing  was  present.  The  previous  association 
was  too  strong  to  be  easily  replaced.  In  tbe  midst  of  bis  en- 
deavors, during  which  he  literally  rolled  over  and  over  in  front 
,  of  the  box,  he  assumed  tbe  position  of  standing  on  bis  head. 
While  working  in  this  position  bis  right  hiud  foot  slipped  off 
the  top  right  baud  corner  of  tbe  box,  and  striking  tbe  lever 
pressed  it  down  aud  opened  the  box.  Prom  tbe  fourth  to  tbe 
eightb  trials  he  would  assume  the  up-side-dowa  position,  and 
work  at  the  door  until  bis  foot  slipped  off  tbe  comer  of  the  box, 
depressed  the  lever  and  so  openeil  the  door.  His  attention, 
however,  was  never  shifted  from  tbe  front  of  the  box.  Finally, 
in  the  midst  of  bis  gymnastics,  bis  foot  blipped  off  as  usual,  but 
did  not  strike  the  bar  heavily  enough  to  depress  it  aud  open 
the  door,  although  it  remained  in  contact  with  it.  Distracted 
by  this,  he  turned  and  using  his  fore  paws  thrust  the  lever 
down  aud  opened  the  door.  The  next  day  he  was  working 
the  lock  by  slipping  bis  foot  from  tbe  top  of  tbe  box  to  the  bar, 
and  then  tnmtng  about  aud  using  bis  fore  paws.  Ou  the 
twenty-eigth  trial  of  tbe  series,  he  went  directly  to  the  bar  and 
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opened  the  door  by  ibrusticg  it  down,  but  he  still  sat  down  on 
bis  haunches,  placed  his  bind  foot  on  the  lever,  and  then 
assisted  with  the  fure  paws.  It  is  fair  to  assume  ibat  in  course 
of  time  something  more  easy  than  this  awkward  performance 
would  bave  taken  its  place. — probably  in  the  end  the  depress- 
ing of  tbc  lever  with  botb  fore  paws,  or  even  the  rigbt  one 
alone;  but  the  final  steps  in  the  short  circuiting  were  cut  off  b^ 
No.  5's  untimely  death. 

The  above  seems  like  a  case  of  a  stimulus  having  to  beat  out 
its  path  over  an  unblazed  trail  in  a  ner\'c  wilderness.  It  in 
typical,  however,  of  much  of  the  learning  of  animals  and  indeed 
in  a  mesfiure  of  all  learning  where  the  way  is  not  opened  up  by 
hereditary  predisposition  or  expert  instruction.  Repetition  of 
imperfectly  adapted  muvemeuts  brings  abont  a  final  happy 
accident.  Many  rehearsals  of  the  activities  leading  up  to  this 
follow.  Continned  practice,  in  ways  not  altogether  clear  as 
yet.  leads  to  the  gradual  elimination  of  the  extra  movements; 
tbe  unessential  parts  of  the  process  are  sloughed  away  and  the 
essential  solidified.  The  steps  by  which  perfection  is  reached 
are  very  short  and  blindly  taken,  tbe  new  habit  arising  by  slight 
successive  modificationn  of  one  already  in  existence.  Percep- 
tion of  tbe  essential  relations,  if  present  at  all.  is  dull  and  stupid 
to  the  last  degree. 

Restated  from  the  beginniDg,  it  would  seem  that  tbe  smell 
of  tbe  food,  intensified  by  tbe  complex  mental  activity  of  curi- 
osity, in  some  manner  lets  loose  a  surplus  discharge  of  motor 
activity.  This  sooner  or  later  leads  by  accident  to  an  agreeable 
result  and  a  consequent  enipha.<iis  upon  the  nervous  tract  then 
in  action.  In  this  particular  case  that  underlying  the  asitocia- 
tion  between  tbe  position  with  the  hind  foot  on  the  lever  and 
the  opening  of  the  door.  When  this  position  alone  happen.s  to 
be  insuflBcient  the  fore  paws  are  brought  to  assist  as  the  readi- 
est means  for  that  purpose — tbe  members  most  responsi\-e  to 
any  need  of  that  character.     So  far  our  raccoon  had  gone.' 

fiurk  (8)  euumerates  the  "chief  accessoo'  lines  of  develop- 
ment that  distinguish  human  movcmeiits  as  such,  as:  "(i)  the 
breaking  up  of  old  bilateral  and  simultaneous  tendencies, 
characteristic  of  central  mo\-ements;  (2)  the  growth  of  inde- 
pendent movements  of  smaller  parts  that  previously  only  moved 
in  conjunction  with  larger  wholes;  {3)  tbe  co-ordination  of 
X'arious  series  to  form  long  aiid  complex  sequences  as  we  finally 
find  them  illustrated  by  writing,  sewing,  jjiano-playiug,  etc.  ; 
(4)  the  development  of  precision  and  accuracy;  and  finally  (5) 
the  response  of  different  movement  to  a  great  variety  of  dif* 


1  On  ihid  neuersl  matter  see  th«  paper  of  Dt.  Meltzer,  No.  33  of  the 
bibliography  at  tbe  cad  of  tbU  paper. 
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fereot  stimuli."  These  all  seem  to  find  a  ready  illustration  in 
the  development  of  animal  'activity  as  well  as  in  the  child, 
although  in  the  former  case  tliey  may  be  placed  od  a  somewhat 
lower  level. 

No.  I's  experience  with  Combinations  I  and  II,  furnishes 
material  of  similar  signiBcance.  As  before  staled,  the  locks  of 
the  combinatious  were  not  uniformly  adjusted  as  to  the  force 
necessary  to  operate  them  (p.  465 ) .  Reference  to  Table  I,  shows 
the  two  chief  sources  of  error,  and  the  average  number  of 
errors  per  trial,  in  groups  of  ten.  Thus  4.6  is  the  average 
nomber  of  errors  in  order,  made  in  the  6rst  ten  trials  on  Com- 
bination I,  and  8.5  is  the  average  number  of  errors  of  force  ap- 
plied iu  the  first  ten  trials  on  Combination  I.  hiata  3  and  4 
give  similar  results  for  Combination  I,  after  a  period  of286days. 
with  no  intervening  trial.  Lines  5  and  6  give  results  for  Com- 
bination II,  as  lines  i  and  2  give  th'Ctn  for  Combination  I.  The 
table  seems  to  show  that  the  memory  of  the  order  is  more 
readily  perfected,  than  that  of  the  muscular  adjustment  re- 
quired for  each  particular  locking  device.  It  would  seem  as 
though  the  order  was  something  that  could  become  definitely 
fixed  while  the  muscular  adjustment  conld  proceed  only  to  the 
point  of  pulling  till  something  gave  way.  The  reduction  of 
errors  in  order  is,  perhaps,  more  uniform  and  less  erratic,  than 
that  of  errors  of  applied  force. 

Tablb  I. 

Rtlalive  proporiiom  of  errors  in  order  and  errors  in  forct  in 
vforking  the  combination  locks. 


t  Errors  In  order. 

a  Brrors  in  appl'd  force. 


.40.9 


o.oo.oo. 


O.Dl 


5  Birora  In  order. 

4  Brrors  in  appl'd  force. 


00. 


OD.O^.OO-O 


■DO- 


Brron  in  order. 
Errora  in  appl'd  force. 


50. 


oo.a 


0.0 


0.5  0.0 


It  is  highly  significant  that  the  order  was  a  constant  quan- 
tity throughout  the  entire  series  of  trials  with  each  combina- 
tion, while  the  force  necessary  to  move  any  individual  part  of 
the  combination  was  never  quite  the  same.  Proper  co-ordina- 
tion and  development  of  precision  and  accnracy  finally  appear, 
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however,  so  that  once  the  proper  conditions  are  given,  for  the 
starting  of  a  series  of  movements,  they  then  follow  with  due 
force  as  well  ag  in  proper  sequence. 

In  this  coDuectioD  No.  I's  method  of  working  the  plug  is 
also  interesting.  When  the  ping  was  6rst  given,  the  method 
was  to  stand  on  the  top  of  the  box  and  pull  out  the  plug  with 
the  teeth.  The  paws  were  oflen  used  to  assist  while  in  this 
position.  After  the  first  ten  trials,  she  discovered  that  she 
could  stand  in  front  of  the  box  and  reach  up  and  pull  the  plug 
out  with  her  teeth.  A  few  more  trials  changed  the  method  to 
standing  in  front  of  the  box  and  reaching  up  behind  the  ping 
and  jerking  it  out  with  the  left  paw.  After  this  final  method 
became  settled,  the  animal  used  to  come  to  the  front  of  the  box 
sit  up  and  place  her  paw  behind  the  plug,  look  around  in  a 
seetuiiiKly  careless  fashion  and  jerk  the  plug  out  without  giv- 
ing any  special  attention  to  the  process.  It  was  almost  as  if 
she  would  think  the  device  too  easy  to  need  anything  more 
than  a  pa.ssing  notice.  Some  such  explanation  may  be  plausi- 
ble for  different  characters  present  in  the  learning  curves,  yet 
to  be  considered. 

Cole  (to)  found  with  his  raccoons,  contrary  to  Thorndike's 
experience  with  the  cats,  that  the  auimaLs  never  began  work  at 
parts  of  the  box  where  fastenings  had  previously  been,  but 
went  at  once  to  the  place  of  the  fastening  then  in  use.  The 
raccoons  "did  not  paw  at  the  place  where  the  loop  had 
been  nor  did  they  claw  at  the  loop  or  button  when  the  door 
was  open.  I  tried  moving  the  loop  from  place  to  place  in  the 
boxes.  Not  once  even  did  they  claw  where  it  had  been ;  instead 
they  attacked  it  at  the  new  place  with  one  direct  movement." 
The  trials  of  my  coon  No.  5  with  the  bear-down  lever,  during 
which  he  worked  with  so  much  energy  at  the  place  where  the 
bolt  had  l>een,  as  described  above,  point  in  exactly  theoppoute 
way  and  lead  me  to  think  that  Cole's  results  must  be  excep- 
tional. 

My  No.  3,  an  old  coon,  the  mother  c^  No.  5,  also  behaved 
in  a  way  to  lead  to  a  similar  conclusion.  After  she  had  pushed 
back  the  vertical  hook  and  the  door  had  sprung  open,  she  used 
to  sit  in  front  of  the  box,  pull  on  the  book  and  then  look  in- 
side to  see  if  there  was  any  more  food.  It  was  rather  humor- 
ous to  sec  her  repeat  this  performance  again  and  again.  Later 
she  dropped  it  and  has  never  shown  a  like  tendency  since. 
Whether  she  gave  evidence  here  of  a  perception  of  simple  re- 
lations, as  "this  hook  gives  food."  which  later  changed  to 
"this  hook  and  hole  dn  not  give  food,"  may  be  open  to  ques- 
tion. When,  however,  the  door  was  fastened  and  food  placed 
inside,  she  never  refused  to  work  this  lock.  The  above  docs 
not  seem  to  diflfer  much  from  the  habits  of  the  wild.    The  ani-- 
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mat  certainly  senses  certain  conditions  as  indicative  of  food, 
and  certain  other  as  indicaliv-e  of  no  food.  The  resulting  asso- 
ciations persist  and  streiigilien  themselves  in  the  6rst  case. 
The  latter  <xasv  to  stinialate. 

Old  coons  soon  discover  the  difference  in  pnlUng  at  the  long 
or  the  short  arm  of  a  lever,  as  in  the  l>utton,  while  the  young 
coon  will  work  indifferently  on  the  long  or  the  short  arm  just 
as  it  happens  to  attack  the  device.  It  seems,  sometimes,  as  if 
there  were  a  kind  of  intelligent  husbanding  of  energy,  which 
shows  itself  with  age.  The  tremendous  output  of  energy  in 
youth  may  be  necessary  to  proper  growth  and  the  acquisition 
of  I'xiierience,  and  possibly  its  numerous  errors  are  thus  Inti- 
mately connected  with  the  learning  process. 

In  the  working  of  Combination  I,  Raccoon  No.  t  reached 
the  arbitrar>-  standard  of  ten  perfect  performances  in  trials 
Dinety-eight  to  one  hundred  and  seven.  In  the  case  of  Com- 
bination  II,  the  standard  was  reached  in  trials  one  hundred 
and  twenty-five  to  one  htindred  and  thirty-four.  Since  the  first 
learning  of  the  order,  some  variation  has  occurred  in  the  ani- 
mal's working  of  the  locks  in  Combination  I.  all,  however,  in 
the  direction  of  economy.  The  bear-down  lever  is  now  often 
opened  by  stepping  on  it  with  the  hind  foot  as  the  animal 
mounts  to  the  top  of  _the  box  for  the  plug,  and  the  buttcin  and 
hook  on  the  front  are  usually  opened  by  one  movement  of  the 
right  paw.  This  activity  is  similar  in  character  to  that  of  Na 
5  already  described  on  p.  4G7.  No.  1  is  shown  in  the  act  of 
doing  this  very  thing  in  Fig.  9,  Plate  II.  The  tendency  to 
"short  circuit"  is  clear  again  in  this  instance. 

In  the  tests  with  the  combination  locks  an  opportunity 
occurred  for  noticing  the  peruatence  of  certain  impressions  and 
the  signal  importance  of  making  no  false  steps  in  trainmg.  In 
the  first  fifteen  trials  on  Combination  I,  the  number  of  errors 
was  comparatively  few.  During  the  next  three  trials,  it  was 
di.'^covered,  that  while  the  combination  was  a  perfect  working 
mechanism  if  worked  forward,  an  accidental  reversal  of  the 
first  element,  the  bear-down  lever,  would  lock  the  box  again. 
The  animal  did  this  very  thing  once,  and  after  the  device  bad 
been  so  arranged  as  to  make  its  repetition  impossible,  mure 
than  fifty  trials  were  necessary  to  bring  the  errors  down  again 
to  the  level  of  the  first  fifteen  trials.  "Hogging"  an  animal  is 
this  manner  while  under  training  will  oliviously  play  havoc 
with  figures  and  render  the  reMilt.-*  difficult  of  interpretation. 
Combination  II  bad  as  one  of  its  elements  what  is  known  at 
the  hardware  dealers  as  an  tnsldeblind  catch,  with  which  the 
raccoon  had  had  no  previous  experience.  It  provefl,  howe\'er, 
no  more  difficult  than  other  partn  of  the  combination.  The 
animal  seems  to  haveattamcd  toaaort  of  gvncratizcd  behavior 
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with  regard  to  fasWniDgs  wbich  made  small  differences  of  little 
consequeuce. 

A  ftiT  the  two  combinations  had  been  learned  perfectly,  the 
raccoon  would  work  them  indifferently.  If  she  were  given  one 
or  two  trials  on  Combination  I  and  then  it  was  replaced  by 
CoinbinatioD  II,  the  animal  never  made  the  mistatce  of  begio- 
niag  on  either  apparatus  as  if  it  were  the  other.  In  view  of 
the  fact  that  the  two  combinaiion  boxes  were  not  exactly  of 
the  same  dimensions,  and  diflered  somewhat  in  color,  there  is 
little  doubt  that  this  difference  sufficed  to  touch  off  in  each  case 
through  the  association  centres  the  proper  order  and  relation 
of  movements  for  tlie  p.-irticular  combination  presented. 

The  animal  tends  strongly  to  approach  the  boxes  from  one 
direction  only.  If  this  avenue  of  approach  is  blocked  up.  a 
new  adjustment  tu  the  new  condition  will,  of  course,  take 
place,  but  the  old  fastening  from  a  new  side  presents  about  Ihc 
same  difficulty  as  a  new  fastening. 

Time  Required  For   Working  the  Several  Devices. 

The  figures  in  Table  II  are  typical  of  results  obtained  by 
this  method  of  work  with  Raccoon  No.  i.  The  figures  are  the 
times  in  seconds  for  the  forty  trials  on  each  of  thirteen 
simple  locking  devices  and  the  two  Groups.  Similar  tables  for 
the  other  animals  have  beea  prepared  but  as  they  would  pre- 
sent no  signtficaDt  variations  other  than  those  that  n*i1]  be 
mentioned  as  the  exposition  proceeds,  it  has  been  thought  best 
not  to  publi.4h  them.  The  locks  in  the  case  of  this  animal 
were  learned  in  the  order  here  given. 

The  large  Qgure  I's  mark  the  record  of  the  trial  in  which 
the  animal  worked  the  lock  in  one  second  for  the  first  lime. 
The  medium  figure  I's  mark  the  record  of  the  first  trial  in 
which  the  standard  of  one  second  was  permanently  reached. 

Tlie  Learning  Curves.  In  order  to  give  a  graphic  repre- 
sentation of  the  nature  of  the  learning  process,  as  shown  in 
the  animal's  experience  with  the  locks,  the  following  method 
was  adopted,  for  which  the  writer  is  indebted  to  the  kindly 
assistance  of  Prof.  W.  E.  Story,  of  the  Mathematical  Depart- 
ment of  Clark  University.  First,  all  trials  affected  by  known 
tourceii  of  error  were  eliminated  from  each  series.  Then,  since 
the  working  of  the  lock  in  one  second  had  been  determined 
upon  as  the  standard  of  perfection,  the  number.of  trials  neces- 
sary to  attain  this  standard  permanently  was  determined. 
Each  series  naturally  gave  a  different  number.  Reference  to 
Table  11,  for  instance,  shows  that  in  the  series  for  the  bolt  the 
standard  was  reached  on  the  seventeenth  trial,  while  Jn  the 
case  of  the  horizontal  hook,  the  standard  was  reached  on 
the  fourth  trial.     The  times  of  the  trials  were  then  plotted  as 
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ordinatcs,  and  the  namber  of  trials  from  tbe  6r5t  experieDce 
with  the  lock  till  the  standard  was  reached  as  absoseas,  as. 
many  equidistant  poiais  hdog  taken  along  the  bQrizoDtal  axis' 
as  there  were  trials  necessary  to  reach  the  standard,  Thas  in 
the  case  of  the  bolt  mentioned  above,  the  whole  base  line 
would  be  divided  into  sixteen  eqtial  intervals,  giving  with  the 
point  of  origin  seveoleen  points,  while  in  the  case  of  the  hori- 
zontal hook,  it  would  be  divided  into  three  equal  jutervols, 
giving  four  points.  Proceeding  in  this  manner,  it  was  possible 
to  5uperimpr:se  graphically  the  curves  for  all  ifae  trials  of  an 
animal  on  all  the  locks.  The  average  of  all  the  time*  of  the 
superimposed  curves,  for  any  single  ordinate,  therefore,  deter- 
mined a  point  iu  a  generalized  curve  of  learning  which,  as  a 
whole,  represents  each  animal's  experience  with  all  the  locks. 
Several  en  the  curves  thus  obtained  are  gii-en  in  Plate  I. 
Figs.  1-5  are  thcairvts  res-pectively  of  raccoons  No,  3.  5.  4,  1, 
and  a.  No  explanation  has  yet  been  found  for  the  elevations 
in  curve  No.  4  at  intervals  three  and  six. 

The  curves,  with  perhaps  the  exception  of  the  first,  have 
the  nsnal  form  of  the  learning  cur\>"e.  They  agree  in  showing, 
at  first  a  more  or  less  rapid  falling  ofi  in  the  time  required  to 
work  the  different  devices,  followed  by  a  gradually  decreasing 
rate  of  progress  as  perfectiou  is  ucared.  The  curves,  however, 
fall  into  three  groups  of  somewhat  different  types  represented 
by  Figs.  I  and  5;  2  and  3:  and  4  respectively.  Comparing 
Figs.  2  and  3,  with  Figs.  1,  4,  and  5,  it  appears  that  the  young 
animal  learns  more  rapidly  at  first,  having  perhaps  more  to 
learn  than  the  old,  as  shown  by  the  sudden  and  long  fall  in 
their  curves.  Figs.  2  and  3,  while  the  old  animal  profits  more 
evidently  by  experience,  ns  shown  by  the  uniformly  low  levd 
of  ihe  curves  in  Figs,  i,  4  and  5  after  ahmit  the  eightttnth  or 
twentieth  interval.  The  continued  une\*enness  of  the  curves 
for  the  young  animals  is  undoubtedly  due  to  the  fact  that  their 
learning  is  accompanied  by  fumbling  and  distraction  of  atten- 
tion for  a  long  time.  The  \-ariatton  between  Figs.  2  and  3 
may  be  due  to  the  fact  that  Fig.  3  represents  the  trials  of  an 
animal  that  ts  partially  or  totally  blind,  and  thus  is  compelled 
to  rtly  more  definitely  on  touch  and  smell,  find  so  loses  the 
directness  attendant  on  sight.  Figs.  1  and  5.  with  their  pecu- 
liar rise  at  about  the  twelfth  interval,  do  not  readily  lend  them- 
selves to  iuterpr elation.  This  is  especially  true  in  view  of  Fig, 
•f  which  represents  the  combined  trials  of  the  above  four 
animals  on  one  locking  device.  This  device  was  not  the  first 
one  given,  but  one  cha<:en  after  each  animal  had  had  some  ex- 
perience with  locks.  This  particular  curve  represents  the  tests 
on  the  vertical  gate  hook.  It  is  typical,  I  thiuk,  when  sJl 
things  are  taken  into  consideration.     It  presents,  however,  the 
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abore  mentioned  pectitiarities  of  Figs,  i  and  5,  bat  has  the 
same  general  character  as  all  the  curves.  These  rises  may 
mean  that  after  the  first  period  of  leamiog  there  is  a  short 
period  ot  forgettiog.  or  of  inattention  and  indifferent  efiort. 
Pamilianty  with  a  given  locking  device  wonid  in  such  a  case 
enter  as  a  factor  to  increase  the  time.  I  have  already  described 
■oniethiug  of  this  sort  in  the  trials  of  No.  i  on  the  plug  (p.  470). 
We  may  have  here  perhaps  the  analogue  of  the  "plateaus" 
which  have  received  attention  in  the  leaming  curves  of  human 
subjects.  A  comparison  of  Figs,  t,  5.  aad  4  wonld  seem  to 
indicate  that  there  may  be  a  temperamental  factor  in  these 
elevations.  The  animals  whose  trials  are  represented  by  Figs. 
I  and  5  are  slower  in  all  their  activities  than  the  animal  whose 
trials  are  represented  by  Fig.  4. 

Fig.  6  is  interesting  by  way  of  comparison.  This  represents 
the  series  of  thirty  trials  each  on  uiue  simple  locking  devices 
used  by  Kinnaman  in  his  experiments  with  the  monkeys, 
which  were  similar  to  those  used  by  me  with  the  raccoons 
under  very  nearly  the  same  conditions.  The  figures  arc  taken 
from  his  table  and  plotted  on  the  same  plan  as  the  curves 
already  con.sidcred  for  the  raccoons.  The  general  character  of 
the  curves  is  evidently  the  same  for  both  animals.  The  value 
of  the  first  experience  seems,  however,  a  little  more  evident  in 
the  case  of  the  monkeys  as  shown  by  the  sleep  descent  of  the 
curve.  Indeed,  the  munkeys  would  seem  to  be  a  little  less 
clever  at  the  start.  Elevations  like  those  in  Figs.  1  and  5  are 
to  be  noticed,  but  farther  apart,  falling  on  inter^'als  eight  and 
eighteen.  The  irregularity  of  the  cnr^-e  would  suggest  that 
the  raccoon  is  less  open  to  distraction  than  the  monkey;  and 
this  might  be  considered  by  some  as  evidence  of  a  lower  level 
of  intelligence  on  the  ground  that  the  coon  works  mechanically, 
but  the  opposite  position  might  just  as  well  be  taken  on  the 
ground  that  the  curve  shows  greater  power  of  concentrated 
attention  which  is  evidence  of  higher  intelligence.  My  own 
position  is  one  of  uncertainty,  since  I  have  never  had  an  oppor- 
tuuity  to  make  general  observations  of  the  monkey's  activities. 
These  difierences  may  also  be  of  a  temperamental  character. 
It  would  seem  evident  on  the  face  of  the  curves  alone  that  the 
two  animals  sund  fairly  close  together  in  the  matter  of  leam- 
ing to  undo  locking  devices. 

Combinations  I  and  TI  were  given  to  boys  and  girts  to  learn 
and  the  results  of  the  trials  were  plotted  ou  the  same  plan  as 
the  curves  given  above.  Althnngh  the  number  of  trials  neces- 
sary to  attain  the  standard  fell  inside  of  thirty,  yet  the  charac- 
ter of  the  curve  is  the  .same  as  in  the  ca.se  of  the  animal. 

The  curves  and  the  observations  which  they  rest  upon  seem 
to  justify  the  following  general  conclusions: 
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I.  The  learning  curve  for  Ihe  raccoon  follows  closely  the 
type  of  those  found  for  other  hightr  animals  and  for  man. 

3.  The  variations  of  method  which  appear  in  ihe  animal's 
working  of  the  locks  and  lead  up  finally  to  a  permanent  method 
seem  to  be  simply  the  tendeucy  to  the  formation  of  a  "short 
circuit"  by  the  eiiniination  of  useless  movements,  the  perma- 
nent method  being  the  shortest  circuit  for  the  raccoon. 

3.  There  appears  to  be  an  increasing  husbanding  uf  energy, 
and  profit  by  experience  with  increasing  age. 

4.  There  is  an  evident  ability  to  respond  to  small  differences 
in  complex  relations.  How  far  the  perception  of  such  relations 
really  enters  is,  however,  for  the  present  in  doubt. 

Experiments  dposj  Association  axd  Memoky. 

No  one  who  has  bad  to  do  wit  h  a  nimal.s  doubts  that  Ihey  remem- 
ber, bnt  the  question  as  to  the  nature  of  the  memorial  processes 
is  quite  another  matter.  We  have  good  reason  to  believe  that 
the  life  of  the  animal  lies  very  largely  in  the  6eld  of  sense  ex- 
perience and  an  apparent  recognition  of  relations  may  in  any 
case  prove  to  be  nothing  more  than  a  reinstatement  of  the  con- 
ditions under  which  the  &rst  association  was  formed. 

During  the  tests  with  the  raccoons  on  the  simple  locks,  vary- 
ing intervals  of  lime  broke  the  series  of  forty  trials  for  each 
into  groups  of  a  less  number.  This  was  necessitated  by  the 
falling  interest  of  the  animal,  but  was  readily  accepted  by  the 
experimenter  from  a  desire  to  discover  if  there  was  any  well 
defined  recollection  from  one  period  to  another  of  the  work 
done.  It  was  soon  evident,  as  had  been  expected,  that  the  ani- 
mal carried  over  from  period  to  period  some  sort  of  an  associa- 
tion, which  resulted  in  a  reduction  of  the  timcconsumed  in  the 
working  of  4he  lock.  It  was  then  decided  to  give  a  crucial  test 
to  coon  No.  I  using  Combination  I  as  the  apparatus.  The  ani- 
mal had  been  given  preliminary  trials  with  Combination  II  for 
a  period  of  nine  days,  the  intervals  varj-iug  from  seventeen  to 
thirty-seven  hours. 

The  results  of  these  trials  showed  that  memory  is  perfect  for 
such  short  periods.  The  tests  with  Combination  I  extended 
over  a  period  of  332  days,  aud  the  intervals  varied  from  nine 
hours  to  286  days,  the  latter  period  including  the  time  of  hiber- 
nation. The  severity  of  the  lest  is  evident.  Where  the  inter- 
val was  short  the  memory  was  perfect.  At  the  end  of  the  long 
period  there  was  a  repetition  of  a  scries  of  trials  similar  in 
character  to  those  made  when  the  box  was  presented  for  the 
first  time  more  than  a  year  before.  Only  24  trials  were 
necessary  to  attain  the  perfect  standard  which  had  previously 
required  107  trials,  and  the  times  of  these  24  trials  were  much 
shorter  than  the  first  24  trials  of  the  107  trial  series.    It  is  thus 
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clear  that  while  complex  assocUtioiis  lapse  somewhat  with  a 
long  interra]  iu  which  the  origiaal  oonditioas  are  not  present 
there  is  yet  retatoed  a  preity  fair  kaowledgc  of  what  was  at 
first  presenied.  Id  the  case  of  simple  lodciog  devices,  however, 
after  an  interval  of  more  than  a  jear,  with  no  inlcrveoing 
trial,  difiereat  animals  attack  the  lock  with  aboat  the  same; 
accuracy,  aod  with  no  greater  variation  tn  the  time  fxrastuned 
than  woald  appear  in  saccessive  trials  at  the  end  of  au  original 
scries  in  which  the  time  had  been  redticed  to  its  lowest  tactor. 
Simple  associations  would  seem  then  to  be  quickly  and  perma- 
nently fixed. 

It  is  extremely  easy  to  underestimate  the  difference  tn  asao- 
daiive  resp>:>Dbcs  that  may  follow  the  change  in  a  single  ele- 
ment of  the  situation  presented  to  the  animal.  Animal  Ko. 
6,  which  manifcfited  such  fear  and  obstinacy  when  the  keeper 
carried  a  certain  stick,  never  seems  to  associate  blows  &om 
the  stick  with  the  keeper  himself.  Nos.  3  and  8,  which  are 
always  shut  up  at  night  iu  a  small  cage  by  themselves, 
bad  to  be  driven  in  at  the  first  w^ith  blows  from  a  stick. 
Now  the  association  has  been  transferred  to  a  mere  movement 
of  the  box,  at  which  signal  they  spring  to  the  door  and  claw  it 
open.  No  relation  exists  for  them  between  keeper  and  box  tin- 
til  the  box  has  first  beeu  moved  from  the  wall. 

A  Ktudy  of  the  nuniticT  of  errors  made  in  learning  Combina- 
tion I.  brought  out  a  tendency  which  had  not  shown  itself  be- 
fore. If  the  animal  left  off  a  series  of  tnals  with  8  certain  num- 
ber of  errors,  and  the  intertrening  period  was  short,  it  would 
io  tbe  majority  of  caaes  begin  the  next  series  of  tests  with  a  /rss 
number  of  errors  than  it  was  making  at  the  end  of  the  preced- 
ing series.  Two  factors  may  have  contributed  to  this  result: 
1.  An  unconscious  elimination  of  errors  during  tbe  interval  ot 
no  practice;  2.  A  positive  development  of  the  right  order, 
tbe  [,  2,  i,  4,  thrusting  itself  into  tbe  foreground  until  at  last 
it  Rained  the  awxndcncy. 

The  raccoon  seems  to  give  a  high  grade  of  attention  to  the 
work  in  hand.  This  is  of  importance  in  the  de\'etopment  of  its 
associations  arid  their  permanence.  Perfection  of  the  order  of 
manipulation  seems  to  come  .luddenly  at  last  in  spite  of  what 
we  know  from  the  curves  and  otherwise  of  the  framework  of 
a&sociations  which  has  been  .slowly  set  up  in  the  midst  ofUmg 
continued  and  apparently  aimless  fucabling. 

EXP&RIUKKTS  ON    COLOR    PBRCEPTIOH. 

There  is  excellent  experimental  evidence  that  monkeys  can 
discriminate  color:>  as  such.  With  raccoons  the  only  experi- 
ments as  yet  reported  are  those  of  Cole  ( 10) ,  which  be  himselt 
regards  as  inconclusive   upon   this  point.     The  experiments 
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about  to  be  described  seem  to  me  to  indicAte  with  a  good  deal 
of  probability  that  Lbe  raccoon  cannot  discriuitnate  colors  as 
sQch,  but  depends  oq  difietences  io  brightuess  alone.  Bis 
color  bliiiduess  will  perhaps  seem  less  remarkable  when  it  is 
recalled  that  the  raccoon  is  the  most  nocturnal  of  all  our  mam- 
mals save  the  bats  and  6ying  squirrels,  and  that  the  work  of 
Schultze  and  Ramon  y  Cajal  has  shown  the  retinas  of  nocturnal 
animals  in  general  to  be  deficient  in  the  retinal  cones  which 
seem  to  be  essential  for  color  vision.' 

Apparatus,  i.  A  board  i'  x  lo'  X48'',  had  six  holes  bored 
on  its  centre  line.  6"  apart.  Six  cylindrical  tin  cans,  of  uni- 
form height  and  diameter.  4'  x  2%' ,  were  6ttcd  with  plugs  on 
the  bottom,  made  to  fit  the  holes  la  the  base  board,  and  thus 
prevent  their  being  overturned.  These  caus  were  covered  with 
Milton  Bradley  papers.  Four  were  covered  with  the  &tand- 
ard  colors,  red,  blue,  yellow,  and  green,  the  other  two  with 
neutral  gray  No.  1,  and  green  gray  No.  2. 

2.  The  second  piece  of  apparatus  accomplished  the  same 
purpose  as  the  first,  by  the  use  of  six  vertical  slides,  6"  x  3", 
with  au  opening  3"  x  15^'.  cut  at  a  uniform  height  ^om  the 
base.  Tliesi:  blidcfi  could  be  set  in  guides,  in  front  of  separate 
compaitments  2)^"  x  aj^"  x6".  The  guides  separated  the 
slides  about  3"  from  each  other.  One  fxx  of  slides  was  covered 
with  the  same  papers  as  the  cans  of  the  first  apparatus,  A 
second  set  was  covered  with  Uering's  graded  grays.  This 
apparatus  did  not  allow  the  animal  to  look  into  the  container 
iu  which  the  food  was  placed. 

The  Milton  Bradley  papers  were  tested  for  brightness  in  a 
darkened  room  on  a  color  mixer,  using  discs  of  black  velvet 
and  white  cardboard  as  standard  black  and  white.  These  deter- 
minations gave  the  approximate  brightness  value  of  red  iu 
terms  of  the  white  cardboard  as  14°;  green  gray  No.  2,  70*; 
blue.   82°;neut.  gray  No,  i.  140°:  green,  167,5°;  yellow,  240". 

The  Hering  grays  of  apparatus  No.  2  were  matched  for 
brightness  with  the  same  apparatus  as  used  above,  but  in  dif- 
fused daylight.  The  black  was  given  an  approximate  correction 
by  use  of  Kirscbmann's  correction  Victor  (  WundVs  Phil.  Stud. , 
Vol.  5.  p.  300).  These  corrected  numbers  gave  the  series  of 
approximate  brightness  values  for  the  grays  as  14.5*,  18*,  70", 
lOJS*.  179  3*.  and  360"  respectively. 

Afelhod  of  Work.  The  two  pieces  of  apparatus  were  used 
indifferently.  The  food  was  placed  under  one  color,  and  when 
this  color  was  moved  to  a  new  position,  every  other  color  was 
given  a  new  position  also.     All  changes  iu  the  apparatus  were 

'  C/,  also  Parjnftud  (27)  L«  MnsibtHlt  de  I'<£il  anx  couleur»  itpec- 
trsli.  Tb«  eye  of  the  racooon  alao  ajcrecs  wilb  the  resalu  of  Slouakcr 
(31)  for  other  mamnulB  twlow  the  primates  in  lu  lack  of  a  fovea. 
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made  out  of  sight  of  the  animal.  When  the  appsratas  was 
set.  il  was  so  placed  a«  to  give  the  animal  about  three  feet  of 
free  space  for  approach.  In  this  series  of  tests  the  trials  were 
made  also  under  widely  varying  coodttions  of  illumination, 
viz.,  morning,  aflemoon,  twilight,  cloudy  days,  and  at  night 
by  lamp  light.  The  sense  of  smell  was  fogged  by  strong 
essences,  i;&<Kntial  oils,  and  other  means  used  by  trappers  to 
disguise  the  trail. 

Results  of  Experiments  in  Coior  Perception. 

Of  the  several  thousand  tests  made  od  difiereat  animals,  I 
have  given  in  Tables  III,  IV,  and  V,  a  series  of  tests  covering 
color  experiments  with  two  animals,  and  brightness  with  one, 
coonsNos.  lands.  ThcresultsinTablesIVandV  were  obtained 
from  the  same  animal,  cooa  No.  i.  Each,  vertical  column 
gives  the  number  of  times  in  thirty  trials  in  which  the  animal 
went  directly  and  without  hesitation  to  the  color  named.  For 
further  abbreviation,  gray  in  Table  V  represents  the  sum  of  all 
the  choices  of  brightnesites  other  than  black.  These  tables  are, 
I  think,  characteristic  of  all  results  obtained  by  further  tests 
on  the  same  or  different  animals,  The>'  show  nothing  more 
than  a  qualitative  tendency.  No  tests  involving  Weber's  law 
have  yet  been  made. 

TADbB  tU. 
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Tablb  IV. 
Food  in  Red. 
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3    6 

3 

3 
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Tkbix  V. 
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Black. 
Gray. 


30  20 
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Where  color  and  brigbiness  enter  as  simtiUaDeous  factors  id 
B  aeries  of  tests  as  io  Tables  III  and  IV  some  confusion  results. 
A  compari-son  of  Lbe  results  from  all  the  tests  on  color  and 
brightness,  in  percentages  (Tables  VT  and  VII).  shows  a  de- 
cided variation  in  favor  of  brightness.  These  tables  suinma- 
rize  all  the  color  and  brightness  experiments  thus  far  made. 
It  will  be  recalled,  of  course,  that  in  the  experiments  with  the 
brightness  and  also  with  the  colors  the  animal  should  have 
chosen  rightly  by  mere  chance  in  about  17%  of  the  trials. 
That  coon  No.  3  did  better  than  this  is  probably  due  to  bright- 
ness discrimination. 

TAHI.K   VI. 

Showimg  I^rirntttge  CHoites  of  Colon- 


Coon  No.  I. 
CooQ  No.  2. 
Coon  No.  3. 
Coon  No.  5. 


No.  Testa. 


RJ^ht 
Choices. 


Limit. 


w 

30.5% 


Lower 

Liuiit. 


Tablb  VII. 
Showing  Ptrctntagt  thoieei  of  Brightntss. 


COOD  No.  I. 

CooD  No.  s. 
Cooii  No.  3. 
Coon  No.  5. 


No.  Tesu. 


Right 
Choices. 


59-7% 
39-7% 


93-3% 
90% 


1X1  wer 

Limit, 


Profiting  by  the  experience  in  discrimination  of  brightness 
when  associated  with  color,  the  animals  attain  as  shown  in 
Table  VII,  a  high  level  of  discrimination  when  brightness 
alone  is  present. 

Cole's  experiments  seem  to  confirm  the  results  here  recorded. 
His  black-white  tests  give  values  superior  to  those  tabulated 
by  me,  he  having  obtained  as  high  as  too%  in  a  fifty  trial  series. 
He  displayed  his  test-colors  pairwise,  however,  thus  offering  bat 
two  possible  choices,  while  in  my  experiments  the  number  of 
possible  choices  was  greatly  increased  in  that  all  six  slides 
were  exposed  simuttaueously.  Thus  if  the  tendency  to  dis- 
criminate should  appear  in  the  case  of  the  six  exposures,  it 
must  thrust  itself  np  through  a  comparatively  thicic  stratum  of 
disturbing  elemenW.  In  the  case  of  the  red-green  tests  one  of 
Cole's  animals  made  as  high  as  giyi%  of  right  choices,  and 
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siiotb«r  83^^%.  He  found,  however,  in  this  cftse  as  well  as  in 
that  of  the  blne-jrellow  dtscrimi nation,  that  many  more  trials 
were  necessary  to  attain  successful  discriminatjoa  than  were 
oeceatary  (or  a  like  ducrimi  nation  of  black-white. 

A  comparison  of  the  Milton  Bradley  papers,  nsed  by  Cole 
as  well  as  bj'  myself,  according  to  the  approxitnate  determina- 
tion of  brightness  given  on  p.  479.  shows  a  brightness  difler- 
ence  for  blue-yellow,  of  158";  redgrecn.  153.5^;  black-white. 
345-5**;  black-yellow.  aa5.52*;  black-bloe.  67.52*;  black- 
green,  153.02".  My  own  eKperimeots  show  that  in  a  rottgh 
way  tbe  raccoon  can  discriminate  a  difference  of  four  degrees, 
and  since  all  Cole's  tests  save  one  lie  far  outside  this  difference. 
L  feel  that  his  results  give  stronger  confirmation  of  brightness 
discrimination  than  of  color  discrimination.  Undoubtedly  tbe 
raccoon  can  be  taught  to  make  what  seem  to  be  color  discrim- 
inations, but  it  will  really  be  a  discrimination  of  brightness 
difference,  which  discrimination  is  essential  to  bis  wild  life. 
He  hardly  needs  color  discrimination,  since  in  the  darkness  of 
the  night  all  colors  fade  to  graded  grays. 

Imitation. 

When  we  approach  the  study  of  imitation  in  animal  lifi-  we 
enter  upon  a  field  of  controversy  and  of  clashing  definitions. 
It  is  necessary,  therefore,  that  I  state  explicitly  what  I  am 
going  to  mean  by  the  word  in  the  section  that  follows.  I  begin 
by  excluding  at  the  outset,  all  very  accurate  and  nicely  ad* 
justed  oonjioate  movements  which  bear  tbe  marks  of  inherited 
motor  responses.  It  one  of  two  puppies  is  thrown  into  the 
water  and  paddles  his  way  to  the  shore  while  a  second  one 
looks  on,  we  by  no  means  have  a  case  of  imitation  when  the 
second  puppy  is  likewise  thrown  in  and  also  paddles  ashore. 
And  we  can  further  exclude  even  those  sorts  of  activity  which  are 
dictated  by  a  strong  gregarious  instinct.  We  shall  not  in  the 
present  instance  regard  as  imitation  such  actions  as  the  gen- 
eral dight  of  a  flock  of  crows  when  one  or  two  of  their  num- 
ber start  off  in  alarm.  For  present  purposts  we  .shall  regard 
as  imitative  thone  activities  only  which  are  individual  in  Uieir 
nature  and  which  are  formed  on  tbe  model  of  the  acts  of  other 
animals.  Tbe  action  of  the  parrot  which  learns  to  talk,  and 
the  youth  who  goes  to  the  Klondike  in  order,  like  others,  to 
make  his  fortune,  we  shall  regard  as  imitative.  And  we  may 
distinguish  two  grades,  illustrated  tolerably  hy  these  two  ex- 
amples:  a  loner  grade  in  which  the  imitation  is  executed  for 
the  sattsfxctioD  which  it  itself  gives,  and  the  other  in  which  the 
imitation  is  und<;rtaken  with  a  view  to  the  accomplish  me  ut  of 
a  definite  result.  The  first  of  these  is  of  an  inKiinctive  type 
and  appears  characteristically  in  many  birds  besides  tbe  par- 
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rot,  in  human  infants,  and  possibly  in  the  young  of  other  spe- 
cies. The  second  is  of  a  rational  character,  and  when  present 
is  a  mark  of  considerable  psychic  development.  Here  the  issue 
seems  fairly  joined,  for  in  raising  the  question — Does  the  ani- 
nat  on  seeing  a  certain  action  performed  by  another  desire  to 
do  the  same  in  order  that  a  certain  result  may  follow? — wetake 
our  stand  on  the  border  line,  howbeit  somewhat  broad,  which 
separates  rational  from  merely  intelligent  thinking. 

In  interpreting  an  action  as  imitative  many  investigators 
have  placed  great  stress  on  what  the  animal  saw,  at  the  ex- 
pense of  what  the  animal  desired.  But  even  what  an  animal 
sees  is  by  00  means  always  certain,  quite  apart  from  physical 
imperfections  in  vision  due  to  albinism,  myopia,  or  nocturnal 
.habits.  Like  Jastrow's  "really  do"  and  "apparently  do," 
'vhat  an  animal  really  sees  and  what  it  apparently  sees  may  be 
widely  different.  Sufficient  data  from  genera]  obsenatious  are 
not  yet  forthcoming  to  certify  the  usual  methods  of  testing 
imitation  as  fairly  free  from  probable  sources  of  error. 

Citations  will  illustrate  the  point  of  contention.  Berry  (j) 
writes  in  regard  to  the  rat: 

"Whcu  put  into  the  box  be  first  tries  to  get  out  at  the  place  nearest 
to  iTie  food,  hut  uot  succeeding  there  he  KrAdually  works  awaj-  from 
itfaftt  Kpot  until  he  has  tried  almost  every  fpot  la  the  box,  or  until  he 
[pnlla  the  strine  that  opens  the  door.    Then  hJa  altenilon  being  at- 
|tractcd  to  the  door  bj  the  «otin<l  it  niakea  in  u;ietiing,  he  runs    to   it 
id  paste*  oat  to  the  food.    When  be  is  put  buck,  take  notice  of  what 
happens.      Does  he  run  at  once  to  the  string,  pull  it  and  open  the 
door?     Dy  no  means.     He  Irirs  the  door  and  Jtnriing  It   c1o*c<1    make* 
many  random  movements  before  atartius  in  the  jieneral  diiectlon  of 
the  string.     After  nosing  about  in  its  t-tcinity  forallmebe  finally  suc- 
rcc'lH  in  tindin);  it  and  palling  it  and  thus  escapes.     It  is  not  until  be 
has  got  oqL  many  times  ifant  he  goes  at  oac«  to  the  string,  polls  it  and 
passes  out,  withont  making  at  first  A  nnmber  of  random  tnovements." 
"  These  (sets  in  regard  to  the  way  tlie  rat  learns  to  get  out  of  a  l>ox 
are  of  vital  importance  in  helping  as  to  decide  what  we  may  reason- 
ably expect  from  the  rat  in  tegard  to  imitation,     If,  when  a  rat  hy 
chance  pulls  the  kItidk  and  hears  the  door  open,  pacseit  out  and  is 
ted,  it  cannot  go  directly  to  that   strine  when   put  hack,  why  shonid 
I  we  expect  a  rat  that  has  merely  wilnessed  the  performance  to  he  able 
to  do  It-     The  rat  that  openft  the  door  not  only  sees  the  string  and 
Bees  hie  paw  pull  it,  but  be  has  in  addition  all  the  sensations  that  are 
connected  with  the  movement  of  pulling  the  string,  while  llie  rat  that 
looks  00  has  only  the  Tttina]  sensation,  no  kintvstbetic  sensations.     It 
accms  to  me  that  wc  ought  to  be  able  to  say  a  priori.  In  the  light  of 
these  facts,  that  no  ordinary  rat  would  h^  able  to  open  a  door  by  pnll- 
^ioR  a  string,  simply  from  having  seen   another  do  it,   without  first 
making  a  number  of  random  movcmcuta." 

It  is  upon  such  a  slender  basis  that  Mr.  Berr>'  infers  imita- 
tiott.  He  lays  great  siress  on  the  visual  sensation  as  the  chief 
factor  in  what  he  calls  the  final  imitative  act.  It  would  seetu 
as  though  he  begs  the  whole  qnestion.     if  the  act  was  imitation 
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in  any  true  sense,  just  what  we  should  expect  to  see  would  be 
the  rat  puUiog  the  striug  with  much  fewer  random  uovementa. 
else  in  what  particular  does  No.  3's  method  of  learning  to  get  out 
of  the  box  differ  from  that  employed  by  No.  i?  Indeed,  it  would 
seem  to  require  more  than  the  "ordinary  rat"  to  acquire  the 
ability  to  tree  itself  from  the  box,  if  it  had  no  other  tutelage 
than  seeing  another  rat  du  the  same  thing.  Small  (32)  expressly 
states,  that  he  has  never  seen  a  case  of  what  might  be  called 
inferential  imitation.  "By  this  I  mean,"  he  says,  "merely 
the  learning  to  do  a  thing  by  seeing  another  do  it — the  pur- 
posive association  of  another's  action  with  a  desired  end." 
Cole  (10)  again  writes  in  regRrd  to  his  raccoons: 

"After  having  hail  some  six  weeks  of  ezperieuce  lo  (listing uithiDg  ■ 
block  from  a  white  card  and  in  distingnisliing  romplenj«nt«rT  colors, 
each  of  tfa«  fciuT  TAccoaau  develupcfl  a  tendency  to  reach  over  the  (rout 
ho«nl  uf  theapparaius  and  claw  up  the  colored  cards.  This  tcndeoey 
■wa*  cncoaragwi  and  finally  they  would  claw  np  the  right  (food)  card 
and  go  lo  the  high  I>ox  to  be  itti,  or,  having  clawed  up  the  wrong  (no 
food)  cord  they  would  rlaw  it  down.  So  far  as  imttntion  is  In  qnestion, 
the  important  point  im  th*t  the  raccoons  difl  Ircgin  to  do,  or  iry  to  da 
what  tne^  had  »een  done  t>y  the  experimenter.  Before  they  hegao  this 
they  had  le«rne<l  to  watch  the  carda  and  the  raovetneots  of  the  train- 
er's hsndii  very  closely  indeed.  Therefore,  the  aniijints  either imitntcd 
or  elM  from  iheJr  impaiteuce  to  tee  the  right  card  come  np  there  spiaog 
the  idea  that  they  themseivM  might  make  it  come  np.  This,  howerer, 
may  be  all  there  is  in  intelligent  imitation." 

To  the  present  writer  it  seems  that  there  is  yet  anotheralter- 
native  in  this  case.  The  behavior  of  the  raccoons  in  clawing 
tip  the  cards  was  due  either  to  imitation,  or  to  the  idea  that  they 
themselves  might  make  the  proper  card  come  up,  or  1/  was  an 
acdiUntai  result  of  (he  raccoons  inveterate  impulse  to  ailack  and 
manipulate  anything  that  can  be  moved.  The  animals  had  al- 
ready ajwociaied  the  colored  cards  with  the  getting  of  food  ;  had 
earlier  still  been  accustomed  to  get  food  by  attacking  some  sort 
of  fastening  ;  from  this  it  is  a  short  step — hardly  a  step  at  all — 
to  attack  the  card  holders.  After  having  succeeded  a  few  times 
in  thus  starting  the  train  that  leads  to  lecding.  the  activity 
would  become  stereotyped  like  the  opening  of  boxes  or  any 
other.  In  any  case  we  might  expect  imitation  to  occur,  if  at 
all,  more  readily  when  members  of  their  own  species  furnish 
the  models;  and  while  these  cases  remain  few  and  uncertain  we 
may  well  entertain  re.serve  as  to  those  where  the  coon  seems  to 
imitate  the  experimenter. 

As  to  the  imitation  of  one  coon  by  another,  tbongh  I  have 
been  alert  to  discover  it,  I  can  report  only  doubtful  or  negative 
observations.  Coon  No.  3  .sits  up  and  begs  for  food  (Fig.  n, 
PI.  II).  She  took  up  this  activity  of  her  own  accord.  I  have 
simply  strengthened  the  association  of  food  and  sitting  up.  by 
refusing  food  tinless  she  does  so.     At  the  first  No.  8  used  to 
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sit  up  also.  Tbey  took  up  the  attitude  together.  Soon  No.  8 
dropped  it  and  then  picked  it  up  again  about  three  weeks 
later.  Now  he  sits  up  regularly.  No.  2  and  No.  4  were 
tanght  to  climb  to  the  top  of  the  stand  in  the  middle  of  the  floor 
of  the  cage  for  their  food.  No.  4  was  taught  to  stand  up  on 
this  stand  for  his  food.  He  is  blind  so  no  visual  elementcould 
have  entered  into  his  learniog  of  the  trick,  but  No.  3  which 
clitubs  to  the  stand  with  him,  uever  stands  up  for  food  unless  it 
is  held  directly  above  her  head,  when  she  will  reach  for  it.  No. 
2  has  had  good  oppurtnntty  to  oliscrve  and  therefore,  copy,  bat 
no  imitation  has  resulted.  It  might  perhaps  be  thought  that 
the  climbing  of  the  stand  was  the  beginning  of  the  imitative 
process,  but  No.  2  has  been  accustomed  tocHmbtomy  shoulder 
for  her  food  for  more  than  a  year.  Climbing  to  the  stand  was 
therefore,  simply  a  change  of  place.  In  the  cases  of  No.  3  and 
No.  fl,  the  position  which  they  assume  is  one  which  is  natural 
to  the  animal  when  suddenly  startled.  It  then  sits  up  to  look 
for  the  cause  of  the  disturbauce.  The  position  is  also  a  pre- 
liminary fighting  attitude.  Both  animals  are  timid  and  have 
not  been  long  in  captivity.  It  would  seem,  therefore,  that  we 
had  here  merely  a  partially  transferred  association  &omtbatof 
— danger,  sit  np— to  that  of^food,  sit  np. 

No.  6  has  taken  to  himself  the  babit  of  jumping  for  his  food. 
This  activity  has  been  fostered,  until  he  now  jumps  atwut  3  ft. 
high  for  his  morsels.  Ue  is  in  the  midst  of  the  pack  when  they 
are  beiug  fed.  No  other  animal  has  yet  copied  his  method, 
although  he  rubs  against  them  and  jumps  from  their  midst 
continually. 

Six  animals  escaped  from  the  cage  in  one  night,  by  pulling 
down  the  wire  netting  in  a  coruer  at  the  ceiling.  Three  uf 
these  belonged  to  one  litter ;  a  mother  and  her  two  young  were 
ihe  second  three.  Once  out  of  the  cage,  the  first  three  jumped 
from  the  window  to  the  ground  a  distance  of  some  sixty  feet. 
Two  escaped,  the  injured  one  was  recovered.  The  other  group 
concealed  them.<clvcs  in  one  of  the  ventilating  shafts  in  the  wall 
of  the  building  from  which  tbey  were  extricated  with  diflBcuUy. 
Three  other  animals  remained  in  the  cage  and  made  no  apparent 
attempt  to  escape.  The  case  of  the  six  that  escaped  might  be 
considered  as  indicating  something  of  imitation,  but  I  think  it 
rather  a  case  of  the  group  or  gregarious  impulse  to  which  I 
have  already  referred  as  of  a  dtnerent  sort  from  the  strict  type 
of  imitation  under  consideration.  We  know  as  yet  so  little  of 
the  importance  to  animals  of  litter  and  species  otlors,  and  of  the 
general  basis  of  gregariousness.  that  this  factor  must  not  be  lost 
.<iight  of. 

Excluding  such  cases  as  this  last  and  the  doubtful  ones  of 
defecation  and  play  already  referred to(p.  456  p.  46o)above,I 
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have  seen  ontbing  that  I  thoagbt  I  was  justified  in  regarding 
as  a  clear  case  cf  imitation,  espedally  none  of  the  inferential 
type.  At  the  same  time  I  am  far  from  believing  that  imita- 
tions of  the  more  instinctive  type  may  not  yet  appear,  cspedatly 
in  the  case  of  yonng  animals  and  of  raccoons  when  free  at  night. 

Sl'MMAKY. 

In  summing  up  the  results  of  the  observatioas  and  expcri- 
meots  reported  abo\'e  tbe  writer  feels  jnstiGed  in  making  the 
following  statements: 

I.  The  common  opinion  of  the  adroitness  and  cunning  oC 
the  raccoon  is  well  founded  and  in  agreement  with  hJs  habits 
in  the  wild  and  with  what  may  be  inferred  from  his  physical 
equipment  and  great  adaptability. 

3.  The  raccoon's  instinctive  powers  of  attention  and  curios- 
ity are  of  a  high  order  as  compared  with  those  of  other  animi 

3.  The  coons  under  observation  developed  a  characteristic 
of  depositing  tbeir  excrement  In  a  fixed  place  sod  covering  it 
there,  a  form  of  behavior  to  which  they  are  not  accustomed  in 
the  wild. 

4.  The  raccoons  under  observation  showed  wide  differenoes 
in  temperament— differences  which  nre  fundamental  in  the  in- 
terpretation of  all  tests  on  their  intelligence. 

5.  Tbe  experiments  in  which  tbe  animal  opened  varic 
locking  devices  in  order  to  obtain  food  showed  a  consideiabh 
variety  of  attack  in  tbe  case  of  different  animals  and  to  acertall 
extent  in  t}te  same  animal  at  (lifTeTeot  stages.     The  perfecttnf 
of  the  power  of  undoing  fastenings  is  accomplished  by  a  sit 
series  of  small  changes,  consisting  chiefly  in  the  omission  of 
unnecessary  movements  and  the  combination  of  those  required. 

6.  Tbe  order  of  procedure  in  working  the  "combinatiou" 
locks  was  perfected  before  the  amount  of  effort  necessary  was, 
fully  learned. 

7.  Experience  with  former  fastenings  holds  over  in  the  caaej 
of  new  ones  leading  the  animal  at  least  in  certain  cases  to  begin  j 
bis  attack  at  the  place  on  tbe  surface  of  the  food  box  where  hcl 
has   been   accustomed   to   work.     (This  has   been  found  by 
Thorndike  in  tbe  case  of  cats,  but  denied  by  Cole  io  the  case 
of  raccoons. ) 

8.  When  an  animal  is  forced  to  approach  a  familiar  fasten- 
ing from  a  new  direction,  it  is  often  about  as  much  bothered  by 
it  as  by  a  new  fastening.  Ne\'ertheless  in  course  of  time  thfti 
animals  seem  to  reach  a  sort  of  generalized  manner  ofprocednre 
which  enables  them  to  deal  more  promptly  with  any  new 
£kstening  (not  too  different  from  others  of  their  experience) 
than  with  the  5rst  few  which  they  mastered. 

9.  The  old  animals  seem  to  learn  less  rapidly  at  &rst  thaa 
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the  young,  bat  profit  more  by  their  experience  later,  possibly 
becaase  they  are  more  attentive  to  the  matter  In  hand  and  are 
more  economical  in  the  matter  of  efibrt  and  movement.  These 
age  differences  appear  in  the  learning  curves. 

10.  The  learning  curves  for  the  raccoons  and  Kinnaman's 
moakeys,  so  far  as  they  permit  a  comparison  of  the  animals, 
seem  to  show  a  nearly  equal  facility  in  learning  to  undo  fasten- 
ings. 

11.  Test  of  the  raccoon's  powers  of  retention  show  that  skill 
iu  undoing  simple  fastenings  once  learned  remains  practically 
undiminished  for  periods  of  no  practice  of  more  than  a  year. 
In  the  case  of  the  "combination"  locks  the  memory  was  im- 
perfect after  a  period  of  286  days,  but  the  releaming  was  rapid, 
only  34  trials  being  necessar>'  to  gain  a  facility  that  originally 
required  107. 

12.  There  was  evidence  in  certain  cases,  where  the  intervals 
of  practice  were  relatively  short,  of  a  gain  in  facility  during 
the  period  of  no  practice,  so  that  the  animal  began  with  fewer 
mistakes  after  the  interval  than  before.  This  may,  however, 
have  been  due  to  the  beneficial  effect  of  rest  since  the  animal 
usually  went  to  sleep  at  once  after  the  tests. 

13.  The  animals  after  practice  adapt  themselves  correctly  to 
comparatively  small  differences  in  the  situation  with  which 
they  are  confronted. 

14.  The  experiments  on  the  discrimination  of  colors  and 
brightuess  indicate  with  extreme  probability  that  the  raccoon 
is  color  blind.  The  raccoon's  nocturnal  manner  of  life  would 
lead  the  experimenter  to  expect  this  result. 

15.  No  certain  cases  of  imitation  of  one  raccoon  by  another 
were  observed.  The  two  or  three  doubtful  cases  were  on  the 
instinctive,  not  upon  the  rational  level. 

I  wish  here  to  thank  Dr.  £.  C.  Sanford  for  his  kindly  en- 
couragement, suggestions  and  criticism  during  the  entire  period 
of  observation.  I  owe  acknowledgment  also  to  Mr.  J.  H. 
Starr  for  assistance  in  the  capture  of  the  animals,  and  observa- 
tion of  the  habits  of  animals  in  the  wild  which  were  fresh  and 
first  hand. 
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XIX.     A  P&BUUiNAEV  Study  op  thb  Psvcbologt  op 
Rbason:ng. 


B;  Willis  L.  Gaezi. 


Ad  examination  of  the  treatment  of  reasoniDg  by  most  psy- 
chological writers  reveals  the  fact  that  Ihey  have  been  largely 
Infltienccd  by  the  demands  of  formal  logic.  For  many  cenlu- 
riea  the  syllogism  was  regarded  as  the  only  form  of  reasoning. 
So  recent  a  writer  as  John  Stuart  Mill  enters  a  vigorous  protest 
againai  the  attempt,  on  the  part  of  a  few,  to  look  on  the  syllo- 
gism as  useless  in  reasoning.  For  him  the  syllogistic  form  is 
absotntely  indispensable  in  testing  the  correctness  of  generali- 
zations. But  he  admits  that  the  syllogism  is  not  a  correct 
analysis  of  the  psychic  process  of  reasoning. 

According  to  Mercicr  the  regard  for  the  syllogism,  as  a  form 
of  thought,  has  declined  during  the  last  thirty  year.i.  He  af- 
firms that  the  study  of  the  reasoning  processes  should  form  a 
part  of  psychology;  but  he  ndmits  that  in  his  discussion  of  the 
matter  he  has  "bowed  the  knee  iu  the  House  of  Rimmon." 

Lloyd  Morgan  declares  that  only  those  beings  reason  that 
are  capable  of  "focusing  the  therefore,"  and  implies  that  rea- 
soning is  a  conscious  attempt  to  justify  our  conclusions.  It  is 
an  examination  of  the  method  by  means  of  which  we  reach  a 
concltuion.  William  James  is  still  willing  to  say  that  "reason- 
iiig  may  be  very  well  defiued  as  the  substitution  of  parts  and 
their  implications  or  consequences  for  wholes."  though  he 
treats  the  matter  at  some  length  descriptively. 

Binet  finds  that  there  are  three  images  involved  in  reason- 
ing. The  first  calls  forth  the  second  by  resemblance.  The 
second  suggeststhe  third  by  contiguity;&nd  this  is  all  that  there 
is  in  reasoniug.  Ribot  would  have  us  believe  that  "reason  is 
only  a  means  for  control  and  proof." 

George  M.  Stratton.  however,  writing  in  the  ^yehah^ieal 
Hevirw  for  1896  maintains  that  both  logic  and  psychology  have 
an  interest  in  reasoning.  But  in  the  past  the  part  that  belongs 
to  each  science  has  not  been  very  well  made  out  and  mudh 
confnsion  has  resulted.     Each  has  a  diSereut  end  in  view   and 
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employs  a  different  method.  In  brief,  StrattOQ  holds,  and 
rightly,  that  in  logic,  there  is  an  attempt  to  justify  the  con- 
dnsioa;  in  psycholoj^  there  is  an  attempt  to  explain  how  the 
conclusion  was  reached. 

These  few  and  brief  citations  will  serve  to  show  how  the  dis- 
cussion  of  reasoning  has  been  influenced  by  formal  logic  even 
in  the  case  of  recent  writers  on  the  subject. 

Bet  little  attention  has  been  given  to  an  experimental  study 
of  the  question  as  yet.  This  may  be  explained  in  part  by  the 
£act  that  sensation  and  perctrption  have  furnished  the  experi- 
mentalist easier  points  of  attack.  Indeed,  some  have  goue  so 
far  a.s  to  assert  that  reaftoaing  is  such  a  very  complex  process 
that  we  have  little  or  no  chance  of  ever  being  able  to  catch  the 
mind  in  the  act  of  pure  reasoning.  Oroos,  who  has  made 
some  attempt  in  this  direction,  thinks  that  perhaps  we  shall  be 
able  to  get  most  empirical  material  by  noting  the  blunders  of 
reasoning  into  which  we  fall.  That  reasoning  is  a  difficult 
matter  to  deal  with  empirically  in  certainly  evident  to  all,  but 
it  does  not  seem  fair  to  place  it  among  the  impossible  problems 
without  further  consideration. 

The  writer  confesses  himself  more  hopeful  of  a  solution  of 
these  probIem.s  by  the  empirical  method.  Certain  phases  of 
reasoning  may  be  observed  in  the  solving  of  all  problems  and 
puzzles,  and  by  introspection  it  ought  to  be  possible  to  gain  a 
fair  account  of  the  psychic  process  involved  in  the  reasoning 
act.  Believing  that  some  information  concerning  reasoning 
could  be  obtained  in  this  way,  two  series  of  sitnple  experiments 
have  been  carried  out. 

Thb  First  Skribs  op  Sxprriubnts. 

The  first  set  of  experiments  was  made  with  a  problem  in 
long  division,  found  in  the  "puzzle  column"  of  the  Congrega- 

The  problem  is  as  follows; 

9xx)4xxx4x7 (xxxx 

X  9   X    X 


X  O  X 
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It  was  the  task  of  the  subject  to  supply  the  proper  figures  for 
the  crosses,  aud  to  take  oote,  so  far  as  be  was  able,  of  liis  men- 
tal processes  while  doing  so.  These  introspections  were  re- 
corded by  an  opeMtor  who  was  present  during  the  solmion. 
In  this  way  it  was  possible  to  secure  a  somewhat  full  account 
of  what  went  on  in  the  mind  during  the  solution.  The  problem 
was  solved  in  this  way  by  twenty-six  persons.* 

The  following  imaginary  record  is  typical  of  the  subjects, 
method  of  procedure  except  that  the  actual  ones  were  less 
certain  and  direct.  All  notes  and  introspections  also  are  here 
omitted.  The  procedure  may  be  followed  in  the  example 
below  where  the  large  figures  are  those  of  the  original  problem, 
the  smalt  figures  above  them  are  the  numbers  of  the  positions 
of  the  individual  figures  and  x's  numbered  consecutively  from 
left  to  right,  and  the  letters  below  indicate  the  saocessive  steps 
of  the  solution. 


9XXJ4XXX4X7 

el)     IS   16  1;   is 


r  n  xt  ij  14 

X  X   X  X 


■S    16   1;    iS 
X  9  X  X 


as  ifr  sr 
X  o  X 


Inserted  7  injo  from  data  given. 

Inserted  4  in  zi  from  data  given. 

Obtained  3  in  J7  by  substraction. 

Obtained  7  in  jtj  by  substraction. 

Obtained  2  in  ^3  by  general  rule  of  subtraction. 

inserted  3  in  9  from  data  found  in  fifth  step. 

Inserted  o  in  iz  from  data  found  in  21  and  23. 

Decided  that  j  and  rj  must  be  odd  because  26  !s  odd. 

Decided  that  ij  must  be  5  because  3j  is  4. 

Decided  that  /^  must  be  3  or  3  because  of  ^. 


^The  writer  wishes  to  expivsa  hi«  obllKalioD  to  Dr.  Alviti  Borgqaist 
(or  the  notes  upon  these  tolutious  which  were  uken  by  him  untlex  the 
dircctioQ  of  Dr.  Sanford. 
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k.  Decided  that  //  must  be  a  because  s  is  ^'^  aud^^  is 
even. 

!.  Decided  that  j  most  be  7  because  it  is  the  only  odd  num- 
ber that  multiplied  by  3  and  5  gives  4  and  5  in  units  place  in 
the  product. 

m.     Decided  that  /$>  must  be  5  because  24  is  greater  than  1. 

n.     Decided  that  2  should  be  3  or  8  by  alteratives. 

o.     Decided  that  2  must  be  S  by  trial  and  error. 

p.     Decided  that  //  must  be  4  or  5  because  of  ^. 

q.     Dedded  that  //  must  be  5  by  trial  and  error. 

r.     Inserted  9  8  6  in  j  <S  7. 

A  few  other  relations  were  used  by  a  few  of  the  subjects. 
The  most  important  is  the  discover)*  that  the  24th  figure  is  9. 

The  subjects  tested  in  this  series  were  of  very  various  de- 
grees of  skill  In  introspection  and  it  is  quite  clear  that  most 
were  unable  to  do  more  than  indicate  the  st^s  taken  without 
entering  upon  a  minute  account  of  them.  This  is  not  at  all 
remarkable,  however,  for  there  was  apparently  nothing  but  the 
associative  rise  of  the  required  numbers  in  consciousness  that 
ccutd  have  been  obscnxd.  The  writer's  own  experience  with 
the  problem,  confirmed  by  that  of  the  best  expert  subjects  that 
have  been  tested,  seems  to  show  that  the  reasoning  processes 
involved  are  matters  of  simple  associative  recall.  The  particu- 
lar feature  of  the  problem  which  engages  attention  at  the  mo- 
ment calls  up  associatively  the  digit  required,  or,  when  the 
case  is  more  complicated,  the  several  possibilities.  No  traee 
appears  of  anything  other  than  the  famiUar  proasses  of  assodo' 
Hon  and  apptrteption  working  under  the  special  conditions  of 
atlcnlion  to  the  particular  matter  in  hand. 

Of  more  importance  perhaps  than  the  elementary  functions 
involved  in  reasoning,  is  the  general  method  of  attack  upon  the 
problem  presented,  the  way  in  which  clues  are  looked  for  and 
the  adequacy  with  which  they  are  apprehended  when  found. 
Here  lies  an  immense  field  fur  individual  differences.  Alter 
tabulating  the  solutions  of  the  problem,  it  was  found  possible 
to  group  them  with  regard  to  efficiency  in  three  classes.  The 
basis  for  the  classification  is  the  number  of  steps  required  to 
reach  the  solution  and  for  tliis  reason  is  arbitrary. 

The  best  group  consisted  of  seven  solutions:  a  requiring 
fourteen  steps;  i  fifteen;  i  sixteen  ;  t  seventeen  and  2  eight- 
een. The  medium  group  consisted  of  eleven  solutions:  3  of 
nineteen  steps ;  3  of  twenty  ;  2  of  twenty-one;  3  of  twenty- 
two  and  I  of  twent>'-thiee.  The  poorest  group  consisted  of 
eight  solutions:  a  of  twenty-four  steps;  I  of  twenty-five;  i 
of  twenty-six  ;  i  of  twenty-eight ;  1  of  tiiirty-foor  ;  i  of  thirty- 
five  and  1  of  forty-nine. 

The  difierence  in  the  number  of  steps  required  to  solve  the 
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problem  shows  the  individual  difEereuces.  It  is  do  doubt 
true  that  the  variation  in  the  number  of  stqis  may  be  explained 
in  part  by  the  difference  in  completeness  with  which  the  intro- 
spections were  made.  But  someof  the  variation  must  certainly 
be  attributed  to  psychical  factors,  such  as  methods  of  associa- 
tion, sagacity,  and  familiarity  with  the  particular  numerical  re- 
lations involved.  It  is  to  be  noted,  however,  that  those  most 
skilled  in  mathematics  did  not  always  reach  the  solution  by 
the  use  of  the  fewest  steps. 

The  different  groups  show  different  amounts  of  mental  fumb- 
ling. There  is.  as  might  be  expected,  a  close  relatiou  Ijetween 
the  amouut  of  fumbUn]^  aud  the  naml>er  of  steps  required  since 
the  fumbling,  or  inability  to  see  essential  relations  clearly,  is 
the  chief  cause  of  the  lengthening  of  the  process  of  solution. 
When  the  successive  steps  of  the  solution  are  treated  in  groups 
of  five  the  earlier  groups  show  a  higher  percentage  of  fuiab- 
ling  than  the  later  ones.  There  ii  much  fiunbling  until  a  cue 
is  found,  which  enables  the  subject  to  take  a  few  definite  steps. 
This,  however,  is  soon  exhausted  and  there  often  must  then  be 
another  search  with  renewed  fumbling.  Only  a  few  relations 
arc  simultaneously  before  the  mind. 

The  method  of  attack  seems  to  be  influenced  by  habit.  Five 
out  of  seven  in  the  best  group  of  subjects  began  with  the  first 
figure  of  the  quotient.  Seven  out  of  eleven  in  the  second 
group  began  with  the  same  figure,  white  only  three  out  of 
eight  in  the  third  group  began  with  this  figure.  These  facts 
show  a  rather  strong  tendency  to  follow  the  fixed  habits  in 
commencing  the  solution,  and  a  certain  advantage  in  so  doiog. 
or  in  the  methodical  habits  of  procedure  that  it  indicates. 
They  begin  at  the  point  where  one  would  in  solving  an  ordi- 
nary problem  in  division.  It  is  in  the  formation  of  such  hab- 
its  that  growing  skill  in  mental  operations  consists. 

Thb  Sbcokd  Srrirs  ov  Expbrihrnts. 

Id  the  second  series  of  experiments  the  material  was  of  the 
same  nature  as  before,  but  the  problems  were  much  simpler. 
The  form  of  each  problem  follows  : 


I. 

n. 

m. 

rv. 

xx7)2077(2 

8 

x)x64 

6x 

X  XX 4 

X 

I  24 

X 

103 

5 
I  8 

594 
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V. 


x)  X  6x6 
1924 


17 


VII. 


35' 


X532 

The  task  in  these  problems  was  the  same  as  ia  the  previous 
one.  In  all  twenty  persons  have  solved  these  seven  problems 
and  given  a  rather  full  account  of  the  mental  processes  taking 
place  during  the  solution.  These  subjects  were  all  more  or  less 
experienced  in  introspection.  Au  operator  was  present  at  the 
time  the  work  was  done  and  secured  as  full  an  account  of  the 
work  as  possible.  The  direct  reports  as  to  the  detail  of  the 
processes  was  as  meagre  as  before,  but  the  simpler  conditions 
permit  more  certain  inferences  as  to  its  character.  For  an  in- 
dication of  the  character  of  the  data  obtained,  see  pp.  499*501 
below. 

Ou  examining  the  results,  it  was  found  possible  to  gronp 
the  solutions  according  to  the  following  scheme. 

Tabls  I. 


TnMtmt.l, 

n. 

m. 

IV. 

V. 

VI. 

VB 
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fi 
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e 
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B 

B 

c 
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B 

B 

C 

B 

C 
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D 
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D 

c 
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D 
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C 
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B 

A 
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C 

B 
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'•  ti 
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A 

D 

A 
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D 
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B 

A 

D 

A 

A 

D 
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B 

A 

B 
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C 

B 
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"14 

B 

A 

H 

A 
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c 
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A 

B 

A 
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B 
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"16 

A 

A 

D 

B 

A 

B 
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-17 

A 

A 

B 

A 

A 

B 

c 

"a 

B 

C 

B 

B 

C 

B 

c 

"15 

B 

C 

B 

B 

c 

D 

c 

•■» 

B 

A 

E 

A 

A 

D 

A 

Explanation  of  letters  used  in  classifying  the  solutions. 

Problem  I. 

A  ^  The  us«  of  a  geiieral  principle.  This  involved  tbe  •obtracting 
of  tbe  remainder  from  the  dividend  acd  dtridia^  by  tbe  quotient. 

B  ■=  Trial  an<J  error  method.  The  attempt  to  inpply  Ibc  mitalng 
figurCK  by  contytLtian  tlie  (jtioilent  and  tbe  divisor.  The  process  was 
not  wholly  dependent  on  chance,  bnt  involved  more  or  less  nncer- 
taiaty. 


«tf 


gard: 


A  "  The  aw  of  •  gcacrsl  priadple.    Ttiis  co<uist«d  in  addiag  s 
•»d  8,  asd  MUnctiac  tb*  mmm  tnm  a. 
C  »  TbemoBtai fijarc  was BappUcd hy  osebaaleal aastitntion. 

Probim  III. 

U  —  Tbe  proMem  wxs  solved  b;  Bsinf  one  Tuiable.  Tbe  diTisor 
was  mMd  u  mtilupltcf  of  the  anouent-  Tbe  dtrtaor  was  changed  no- 
til  ■  prodaet  aai  obutned  witii  a  6  is  ibe  tea's  place. 

B  —  Tbe  problem  vaa  lolTed  b^  anaf  two  wiabl£  tenns, — the 
dirtaor  and  tbe  &nt  fi|rarc  ta  tbe  dirideoa. 

Prablem  IV. 

A  —  Tb«  aa*  of  a  gcaaial  principle.  Tbb  was  done  bj  diTidiag 
tbe  pcodact  bf  the  maltipUeaad. 

B—  The  trial  and  rrror  method.  TTii*  cosiistcd  in  aMaming  valae* 
for  the  miaaing  fignrca  aad  chaugiog  them  astil   ihc  coaditiont  were 


PraUcm  V. 

A  =  The  u«e  of  a  genera]  principle.    The  remainder  was anblracted 

the    retalt   of    EaaUiaritr  with 


from  tbe  minaend. 

C  =  Mcchtnical   snbstJtntioo    as 
tbe  relation*  iorolred. 


pToblem  VI. 
D  =  The  a»t  of  one  variable. 
B  =  The  use  of  two  variables. 

Rrafalem  VII. 

A  =  Ceoeral  principle  used.     See  A  aoder  the  second  problem. 

C  =  Hecbaoical  aobatitatioo .     See  C  above. 

Methods />  sad  £  stand  between  metbodi  W  and  S,  in  that  the; 
are  guided  by  general  pfincip]r«  though  not  sach  as  cao  be  ao  easily 
formnlaivd  and  brought  definitcW  to  con «ciotii ocas,  and  even  in  tbe 
£  method  tbe  trials  are  not  whollV  at  random. 

Summar>'  of  tbe  tabic. 


I. 


Problem  II. 
A  •=  16 

C=    4 


Problem  III. 


Problem  IV. 
A  ■=  10 
B  =  to 


Problem  V.  Problem  VI.  Problem  VII. 

A=6  D=9  A-=» 

C-U  E=ll  C— l8 

Problem  I  was  to  many  rather  diffictilt,  and  the  results  show 
a  very  strong  tendency  to  use  the  "trial  and  error"  method  in 
tbe  solutiuo.  This  method  was  persisted  iu  in  spite  of  the  (act 
that  a  very  direct  method  was  plainly  indicated  by  tbe  data 
given.  The  form  of  the  problem  seems  to  have  suggested  old 
usociatioss  and  tbe  stibject  at  ooce  began  the  search  for  the 
ctie  by  using  the  quotient  as  one  factor.  It  was  difficult  for 
most  to  change  this  6rst  impression  and  often  a  struggle  re> 
suited.  Those  wbu  applied  the  general  principle  did  so  at  once 
and  tbe  result  followed  immediately. 

The  second  problem  was  an  easy  one  and  these  subjects  show 
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a  stroug  tendency  to  use  a  general  principle  in  its  solution. 
The  solution  foUowetl  almost  as  soon  as  the  problem  was  per- 
ceived, but  fifteen  out  of  twenty  testified  that  a  solution  was 
reached  by  applying  a  general  principle.  Possibly,  hnnrever, 
the  K^Qcral  principle  may  have  been  appealed  to  for  juaUfication 
of  the  result  to  themselves  rather  than  in  reaching  the  solution. 

The  third  problem  was  more  difficult,  but  there  was  an  in- 
crease in  the  niimlwr  of  those  who  attacked  the  problem  in  the 
most  direct  way.  In  this  problem  and  tn  the  sixth  one  the 
mojit  direct  method  was  to  use  but  one  variable  quantity.  It  is 
noted  that  there  is  an  increase  in  the  number  of  those  who  saw 
the  most  direct  method  of  solving  this  problem.  This  may  be 
due  to  a  "warming  up"  to  the  work,  to  the  influence  of  prac* 
tice.  or  to  tlie  refreshing  the  mind  for  the  old  numerical 
relation. 

The  fourth  problem  was  selected  because  it  presented  condi- 
tioos  of  medium  difficulty.  The  subjects  fall  into  two  e^ual 
cla.sses.  Those  who  used  the  A  method  applied  Lhc  most  gen- 
eral principle  possible  to  its  solution.  Those  who  used  the  ff 
method  followed  the  "trial  and  error  method."  They  varied 
the  two  missing  figures  until  a  set  was  found  that  satisfied  the 
conditions. 

In  the  fifth  problem  fourteen  out  of  twenty  found  thetnsdves 
applying  a  general  principle  of  subtraction.  They  subtracted 
the  remainder  from  the  minuend  and  thus  obtained  the  missing 
figure  ta  the  subtrahend.  Some  fell  sure,  however,  that  the 
missing  figtire  was  supplied  almost  spontaneously  on  seeing 
the  problem. 

The  seventh  problem  contained  very  simple  conditions  and 
the  results  show  that  eighteen  out  of  twenty  saw  the  missing 
figures  instantly  on  seeing  the  given  figures  in  each  column. 
These  eighteen  assert  that  there  was  no  adding  of  the  given 
figures  and  subtracting  this  sum  from  the  grand  total.  The 
associations  were  so  ready  that  they  restilted  at  once  on  seeing 
the  conditions. 

SOMX    GRN^RRAt.    OaSRRVATlONS     MaDK    BT   THR    SUBJECTS. 

One  subject  reports  that  a  solution  which  starts  off  with 
success  but  breaks  down  at  a  point  near  the  end,  produces 
something  like  a  mental  "cramp."  The  mind  is  reluctant  to 
abandon  a  course  that  has  almost  resulted  in  success.  There 
isa  tendency  to  believe  that  the  data  are  wrong  rather  than 
admit  there  is  an  error  in  the  computation.  There  seems  to  be 
a  f>overty  of  possible  chances,  and  a  tendency  to  force  a  solu- 
tion along  lines  that  give  an  initial  success.  The  same  person 
remarks  that  he  tries  to  solve  puzzles  by  trying  the  same  plan 
lime  after  time.     An  initial  success  which  proves  to  be  partial 
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makes  it  all  the  more  difficult  to  modify  a  pl&o  of  attack, 
while  initial  failure  leads  more  readily  to  oew  plans. 
Tiie  fourth  problem  is  as  follows : 


594 

One  subject  noticed  that  the  fact  that  a  six  was  placed  in  ten's 
position  iu  the  muttiplicand  caused  him  to  conclude  that  the 
missiog  figure  in  the  multiplicand  caanot  be  a  six.  The  mere 
presence  of  the  six  had  excluded  the  possibility  of  the  missing 
figure  being  a  six.  He  had  a  feeling  that  the  missing  numbers 
must  be  eight  and  eight,  »ml  it  was  difficult  to  drive  himself 
into  an  admission  that  the  missing  numbers  must  be  nine  and 
six.  The  thought  of  putting  another  .six  in  the  multiplicand 
was  certainly  inhibited  by  the  presence  of  one  six  already  in 
the  multiplicand.  Several  others  noticed  that  they  were  led  tu 
believe  that  the  missing  figures  in  the  multiplicand  and  multi- 
plier were  alike.  The  fact  that  each  was  represented  by  the 
same  sigu  seemed  to  suggest  this  to  them,  although  they  bad 
been  told  at  the  outset  that  a  cross  may  represent  any  one  of 
the  digits. 

One  subject  reports  that  the  large  product  in  the  fourth 
problem  suggested  a  large  digit  for  the  multiplier.  The  sub- 
ject was  conscious  that  the  594  was  very  near  to  600,  and  be- 
cause of  a  tendency  to  work  with  ten  as  a  unit  the  multiplier 
was  seen  to  be  9. 

Another  testifies  that  the  missing  figures  in  the  fourth  prob- 
lem were  kept  in  the  foreground,  while  the  6  and  $g  were  in 
the  background. 

Another  reports  that  he  tried  6  in  the  multiplier  of  the  fourth 
problem  because  he  felt  that  the  multiplier  must  be  a  reasonably 
large  number.  The  six  was  taken  before  he  had  considered  all 
the  data,  and  the  conclusion  seems  to  have  been  based  on  a 
vague  consciousness  of  the  relations  existing  between  ihe  given 
fiictors. 

One  person  in  solving  the  third  problem  asserts  that  he  did 
not  try  a  large  number  in  the  divisor  at  first,  for  the  product 
obtained  by  mnliiplring  the  divisor  by  the  quotient  must  not 
contain  more  than  three  figures.  He  must  keep  within  this 
limit. 

It  may  be  suggested  that  the  figures  with  which  the  subject 
began  give  a  fair  indication  as  to  his  general  feeling  regarding 
the  numbers  to  be  supplied. 

The  following  will  illustrate  the  natnre  of  the  data  gath- 
ered: 
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Th«  sabject  £rBt  taw  that  th«  second  lioc  contmlDB  blanks  and  at 
once  r««oii(rd  to  a  gcccrtil  mlc  of  subtraciion —  "Givea  the  minuend 
and  the  rcmaindrr  lo  find  the  snbtrnbcnd . "  K%  40on  as  th^  snbtrartion 
was  completed  he  knew  thnt  the  second  line  was  twic«  the  divisor. 
Thia  division  gave  the  repaired  divisor. 

The  B  Method  in  the  First  Problem. 


'    »    *  \    «  s    *  :    /   ' 
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The  first  Idea  was  that  the  fignre  in  position  (i)  way  be  I  or  9. 
Bnt  itwaaaoondecided  toreiect  9011  theaccountof  3  in  po«itioti(4).  At 
this  point  it  was  discovered  that  3  was  the  entire  quotient.  The  prob- 
lem was  bcRWiiancw  hj  mnlttpljrin^  »ev(.-ti  in  position  (jjbjr  a  in  posi- 
tion (8).  Since  the  Ggurein  position  Tii)  is  7,  the  figure  in  position 
(a)  must  be  such  Ibat  when  multiplied  b;  3  will  eqnai  «  number  end- 
ing in  6  (or  n  product.  This  will  make  the  figure  in  position  (2) 
equal  3.  Theu  the  first  in  the  divisor  is  a  9  ufter  alt.  Then  9,  8,  7.  6, 
j  and  4  were  tried  as  the  second  figure  of  the  <tivisor,  but  ftll  were  re- 
jeclrd  nnd  3  was  declare*!  once  more  to  be  the  correct  nnniber  for  the 
position.  But  this  docs  not  work.  At  this  point  the  sabiect  WM 
lotced  to  repeat  the  series  3,  4,  5,  5,  7,  8  (or  position  (a).  By  thia 
repetition  S  wss  found  to  be  the  correct  figure.  In  the  first  trial  S 
seems  to  have  been  skipped  in  »ome  way. 

The  A  Method  in  the  SecoTtd  Problem. 

The  sabiect  shw  at  once  that  the  process  was  addition.  Immedistclv 
he  saw  8  +  5  =  tj.  18  —  13  =  5.  The  first  step  came  without  besl- 
tatiou  sud  then  there  was  a  slight  delay  In  the  subtraction  process, 
due  perhaps  to  the  verifying  of  the  results. 

The  C  Method  in  the  Second  Problem, 

The  sum  was  seen  to  be  iS.  5  +  8  =  tj.  and  at  this  point  saw  that 
the  number  reqaired  equaled  5.  He  did  not  say  "13  from  18"  to  get 
hiss. 

The  D  Method  in  the   Third  Problem. 

The  subject  began  with  34  in  the  qnoticnt  and  the  six  in  the  divi- 
dend. He  noted  that  the  first  multiple  of  34  containing  6  in  thetcn's 
Slace  was  7.  7  X  34  =  168.  Having  done  this  he  concluded  that  the 
ivisor  was  7.  The  entire  dividend  was  then  obtained  by  multiplying 
134  by  7.  It  required  only  a  few  seconds  to  find  the  blanks,  and  the 
subject  began  at  once  his  solution  with  34  and  6  as  the  clew  to  tb« 
solution . 

The  E  Method  in  the  Third  Problem. 

The  subject  began  by  saying  x  into  x  x  )  «  6  x 

will  eqtiMl  I.     Itut  this  told  him  nothing.  13  4 

He  then  looked  at  6  in  the  dividend  aud  13  io  the  quotient  and  re- 
peated 13  —  3  X  6.    Hedropped  thlselue  as  It  did   not  amount  to 
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•nytblDg.  Be  then  saw  that  lix  In  the  diTtdend  wms  the  clew,  a  !&■ 
to  6  eqttals  3.  From  this  he  decided  thai  3  was  the  diviaor  and  three 
was  the  fiiat  figure  in  the  dividend.  Here  he  w«*  balked.  He  then 
tried  4  in  the  diviBor.  Impossible  to  say  jast  what  was  dooe  here. 
He  linifered  over  this  poiut  for  tome  time.  He  then  multiplied  124 
by  2  to  see  U  it  would  sot  help  ;  but  it  would  not  do.  He  bad  already 
rejected  3  from  the  divisor.  He  then  returned  to  tbedlvisor  and  tdcd 
3  once  more  forgettiug  that  it  had  already  been  rriectrtl.  He  then 
tried  dividine  26  by  7  with  tj  aa  the  quotient.  ThU  did  not  help. 
He  tries  3  in  the  divisor  once  more.  "Must  have  felt  that  I  made  a 
mUtake  before."  He  then  realized  tliat  he  was  trying  each  digit  iq 
succession.  He  now  tried  4  hot  bood  rejected  it.  'He  now  felt  that  he 
did  not  want  to  follow  ap  the  scale  any  further.  But  at  the  same 
time  this  would  give  the  correct  result.  He  now  relarns  to  134  in 
the  quotieut  and  niultiplics  it  by  4.  He  was  now  ready  to  try  aay- 
thiuf^  to  get  a  change  of  attack.  He  returned  to  3  for  the  dlvisoi 
once  more,  being  inBacnctrd  by  the  a  in  the  quotient  and  the  6  in  th«1 
dividend,  although  this  had  been  worked  out  and  the  3  rejected  from 
the  divisor.  He  now  saw  that  1)4  in  the  quotient  would  have  to  be 
multiplied  by  sonicthtng  so  as  to  have  6  iu  the  ten'a  place  aa  shown 
by  the  6  in  the  dividend.  He  then  tried  5,  6  and  Kveo  as  maltiplkra, 
7  gave  the  desired  result. 

The  A  Meihcd  in  the  Fourth  ProbUm. 

Ai  soon  as  the  subject  saw  the  data,  he  divided  594  by  6.  Thia  fE**^ 
9  for  the  multiplier.  Then  9  X  60  =  540.  594—340  =■  54.  9  Into  ^ 
—  6,  the  missing  6gnre  in  the  multiplicand. 

The  B  Method  in  the  Fourth  ProHtm. 

The  subject's  first  thought  was  that  the  missing  figure*  must  be  aUfcaj 
and  that  8  X  S  would  satisfy  the  conditions.  He  had  a  feeling  thai 
the  missing  figure  iu  the  inultiplicaDd  must  not  be  6,  for  the  6  al- 
ready in  the  mnltiplicand  closed  the  door  against  the  possibility  of 
another  6  in  the  moltiplicand.  But  8  X  8  gave  64.  This  would  cot 
do.  With  9  iu  the  multiplier  and  six  lu  the  mtiltipllcand  the  product 
wonld  be  $4.  This  showed  that  be  most  have  5  to  carry.  He  then 
thought  of  10  X  6.  But  be  could  scarcely  get  away  from  the  8X8. 
He  was  then  pushed  into  9  X  6  =  $4.  The  6  certainly  inhibited  the 
placlnig  another  6  in  the  muUiplicand. 

The  A  Method  in  the  Fifth  Problem. 

The  subject  saw  at  once  that  the  process  was  subtraction.  76  — 17 
=  59.    The  method  was  suggested  just  as  sooo  as  he  saw  the  data. 

The  C  Method  in  the  Fifth  Problem. 

The  subject  sought  for  A  Dumber  which  when  anbtracted  from  t6 
would  give  7  for  a  remainder.  He  snw  that  the  missing  number  must 
be  larger  than  6  to  give  7  for  a  rcinaiiider.  He  then  added  10  to  6. 
Then  he  sought  iOT  ft  number  which  subtracted  from  16  wonld  equal 
7.  This  number  was  9.  But  be  was  not  satisfied  with  9  till  the  sub- 
traction was  completed. 

The  D  Method  in  the  Sixth  ProUem. 

The  process  Is  division  by  •  alugle  number.  There  is  no  remainder. 
To  Mcnre  4  in  the  quotient  the  last  6  In  the  dividend  mnst  become  a 
t6  by  carrying  one  ten.     Then  4  la  tried  in  the  divisor.    Tbe  clue  was 
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ta^«n  from  tb«  last  figure  ia  the  dirideod  end  the  lut  figure  in  th« 
qnoticat.    The  problem  wkb  loWed  backward. 

The  E  Method  in  fhe  Sucth  Problem. 

The  sttbject  saw  that  he  inu^t  hnve  a  large  rcuamdcr  sfter  the  firat 
divt»iou  io  order  to  bare  9«s  the  aecond  fignre  in  the  qaotieot.  He 
first  tried  3  for  the  divisor  and  5  for  the  first  figare  is  the  dividend. 
This  would  not  do.  He  then  looked  at  the  end  and  saw  the  divisor 
most  be  an  even  number  or  •umetblDg  that  would  divide  a  nuuiber 
ending  ID  6  evenly.  He  rejected  5  at  once  for  the  divisor.  He  then 
tried  4  in  the  divisor  and  7  in  the  first  place  of  the  dividend.  This 
verified. 


7^f  A  Method  in  the  Seventh  Problem. 

4.    $-\-T-^t^iy 
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The  subject  saw  that  4  +  4  <>=  8,    11  —  8 
— 13-0.    3  +  a+i=6.     15—6=9. 

The  C  Method  in  the  SeventA  Pfobiem, 

The  subject  saw  at  a  glance  that  the  missing  figorc  in  the  first 
column  luust  be  4.  He  said4  +  4  are  8  and  4  =  13.  Then  said  7  and 
5and  i  -  13.  The  missing  figare  in  the  second  colnmn  ii  o.  Then 
added  the  \a*\  the  same  as  the  first. 

In  a  general  way  the  solutions  are  upon  three  levels. 

1.  Dire<t  substitution.  These  subjects  were  so  fatniliar 
with  the  different  numerical  combiDatiooa  that  the  missing  fig- 
ure was  brought  to  the  front  as  soon  as  the  data  were  apper- 
ceived.  Some  may  wLsh  lo  clas^ify  this  a.s  memory.  But  is  it? 
In  all  probability  this  was  the  first  time  that  these  particular 
figures  were  ever  given  to  the  subject  in  exactly  this  relation. 
To  the  writer's  mind  it  is  the  simplest  or  limiting  case  of 
reasoning.  The  series  from  it  to  the  more  complicated  cases 
is  an  unbroken  one,  and  the  latter  are,  so  far  B£  I  can  discover, 
bat  compunndings  of  such  simple  associations.  In  this  group 
come  those  solutions  marked  C. 

2.  General  PrincipU.  These  subjects  were  not  so  facile 
with  the  mere  numerical  relations  and  were  unable  to  reach 
the  miiu^ing  figures  by  direct  association.  They  saw  clearly 
enough  the  general  principle  involved  but  the  supplying  of 
the  data  had  to  take  a  slower  course.  The  associative 
processes  operated  within  limits  imposed  by  the  "general  prin- 
ciple' '  apperceived.  In  this  group  come  those  marked  A  and  D, 

3.  "Trial  and  Error."  The  subjects  tising  this  method 
saw  the  relations  less  perfectly.  They  were  not  cotisciously 
guided  by  general  principles  but  set  about  fulfilling  the  condi- 
tions empirically.  The  solution  was  often  delayed  and  frc' 
quently  the  steps  were  repeated.  In  this  group  are  found 
those  solutions  marked  B  and  E. 

It  should  not  be  concluded  that  the  general  reasoning  pow- 
ers of  the  subjects  themselves  arc  fully  characterized  by  these 
teats.     For  these  groups  do  not  represent  stages  of  develop- 
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ment  The  type  selected  for  tbe  solulioti  of  a  problem  was 
determined  largely  by  tbe  subject's  familiarity  with  the  condi- 
tions given.  Perhaps  all  use  the  method  of  "trial  and  error" 
when  a  difficult  problem  is  first  attacked.  DnBots-Reymond 
quotes  Ilelmholtz  who  thus  describes  his  mental  processes  in 
solving  ma theui a tico- physical  problems: 

"  I  must  compare  myself  to  a  mountain  climber,  who,  with* 
out  knowing  the  way,  mounts  slowly  and  painfully.  Often  be 
must  turn  back  for  he  can  go  no  further.  Soinetimes  through 
intuition,  sometimes  through  accident  he  discovers  a  trace  of  a 
new  way.  This  leads  him  forward  again  for  a  short  distance 
and  6nally  he  reaches  his  goal.  Then  he  discovers  to  his 
shame  a  loyal  way  upon  which  he  could  have  come,  if  he  had 
only  been  clever  enough  to  find  the  correct  beginning.'* 

Gbkrrai.  Coxclusions. 

1.  The  psychological  process  of  reasoning  as  shown  by 
these  experiments  does  not  follow  the  form  of  the  syllugism, 
which  is  not  even  frequently  employed  to  test  tbe  correctness 
of  the  conclu-sion.  This  is  by  no  means  to  say  that  much,  or 
even  all,  of  the  reasoning  employed  resists  restatement  in  syllo- 
gistic form.  The  logical  forms  are  like  mathematical  symbols 
in  the  range  of  their  applicability  and  also  in  their  abstract  and 
unpictorial  character.  As  well  expect  to  6nd  in  3. 14159  a 
concrete  picture  of  a  circle  and  its  diauieter  as  to  find  in  a  syl- 
logistic statement  a  reconstruction  of  the  ]>sychic  processes 
that  it  symbolizes- 

2.  The  proccs-scs  are,  so  &r  as  could  he  discovered,  the 
familiar  processes  of  association  and  apperception  working  un- 
der tbe  special  conditions  of  attention  to  tbe  particular  matter 
in  hand. 

3.  Familiarity  with  the  relations  results  in  quicker  aoln- 
tions  and  in  solutions  that  are  more  direct. 

4.  The  cstabli.9hcd  habits  of  procedure  have  «u  iH6uence 
on  the  method  of  attack.  This  was  so  strongly  marked  iu 
Mime  cases  as  to  cause  a  long  use  of  the  "trial  and  error" 
method  when  a  general  principle  was  plainly  indicated  by  the 
data  given.  Dr.  H.  H.  Lindley  found  a  similar  result  in  tbe 
case  of  children  in  his  "Study  of  Puzzles." 

*.     The  almost  successful  solution  of  a  problem  often  pro- 

I  mental  "cramp."      Because  the  solution  was  so  nearly 

L  the  mind  refused  to  try  a  new  plan  or  to  make  the 

'*"  a  sinfjie  6gure. 

?re  is  evidence  for  believing  that  rea.soning  is  often 

insight  or  only  a  guess  with  an  appeal  for  assistance 

od  of  "trial  and  error." 

subjects  stated  that  there  was  present  a  vague  back* 
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ground  wbicb  guided  the  associations.  In  some  instances  the 
general  notion  in  the  backgroand  was  wrong,  and  this  led  to 
wrong  procedure  and  to  a  long  delay  in  the  solution. 

But  what  is  the  nature  of  this  "backgronnd"  or  "mental 
set,"  and  what  influence  has  it  on  the  reasoning  process?  Is 
the  "mental  set"  anything  more  than  a  neural  state  brought 
into  aclivily  by  seeing  the  problem  ?  Perhaps  we  could  say 
that  there  is  a  general  arithmetical  "pcinciple"  persisting  in 
the  "background"  which  determines  the  associations,  but 
again,  what  is  the  nature  of  this  general  "principle?"  Can  it 
be  anything  more  than  a  general  habit  of  attention  under  cer- 
tain circum-staiiccs? 

The  same  problem  may  be  put  in  this  way.  Reasoning  may 
be  de&ned  as  a  series  of  successive  limitations  put  on  attention 
and  association.  Bat  once  more,  what  factors  determine  this 
process  of  limitation?  We  may  say.  in  general,  that  it  is  de- 
termined by  two  things:  By  something  wtthoui, — in  this  case 
the  figures  arranged  in  such  a  way  as  to  form  a  problem.  By 
something  within, — the  general  knowledge  of  arithmetic  and 
numerical  relations  and  tiie  momentary  interest  in  the  solution 
of  the  problem.  These  two  influences  acting  jointly  determine 
the  "mental  set,"  which  in  tnm  controls  our  attention  and  de- 
cides what  course  the  fissociations  shall  take.  But  e\'cn  this 
does  not  give  us  tbe  final  word  regarding  the  nature  of  the 
"background"  or  "mental  set."  For  tbe  present  this  question 
must  be  left  o]>cn. 


I. 
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XX.  Oh  thr  Reading  and  Memosiztng  op  Mraninclbss 

SyLI.AB:.BS  FKBSBKTBD  at  IRKUGULAR  Tu1£  INTKKVAI.S. 
By  MAHGARirr  K.  Smith.  Ph.  D. 

The  natural  tendency  to  read  disconnected  syllables  in  rfayth* 
mic  groups  and  tbe  comparative  ease  of  memorizing  rhythmic 
material  are  matters  uf  common  otwervattua.  In  tbe  labora- 
tory  studies  made  witfa  meaningless  syllables,  it  has  been  found 
practicTlly  irnpossible  to  avoid  metrical  grmipin^s  even  whei 
the  syllables  themselves  are  presented  in  strictly  uniform  scriea^l 
A  subjective  tendency  toward  grouping  forces  upon  tbem  a 
metrical  form  which  does  not  exist  iu  their  objective  arrange- 
ment. During  the  writer's  cxiwrinicnts  upon  Rhythm  and 
Work'  certain  tests  were  made  with  tbe  reading  of  meaningless 
syllables,  in  the  course  of  which  the  question  arose  as  to  the 
extent  to  which  objective  iuequalities  may  exist  and  a  rhythmic 
grouping  still  be  msintaiued,  and.  as  a  secondarj'  question, 
what  tbe  rhythm  secured  under  such  difficulties  signifies  to  the 
individual. 

With  a  view  to  answering  the  above  questions  in  connection, 
with  voice  rhythm,  at  Iira.st,  a  scries  of  experiments  was  ma< 
in  the  Psychological  Latmiatory  at  Clark  University,  Worces-] 
ter,  MasK.,  iu  the  winter  of  1900-1901,  and  though  the  experi- 
ments were  unsuccessful  as  regards  finding  any  order  of  syllables] 
so  irregular  as  to  be  wholly  refractory  to  the  rhythmic  impulse 
of  all  the  subjects,  it  seems  worth  while  to  give  a  brief  account 
of  them* 


■Rhythmns  ^xn^\  Arbeit:   Wnndt'a  Phitoi.  Studien,  Bd.  XVI,     1900, 

71  ■».■«• 

*The  work  was  umler  tbe  general  direction  of  Professor  Saoford,  to 
whom  anil  to  I'rcBJdcnt  Hall,  the  writer  wishes  to  express  her  alncerv 
thanks  for  toany  helpful  suggestions,  as  well  as  for  the  many  piivs- 
legcs  of  the  laborntories,  the  library,  etc. 
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The  material  consisted  of  meaningless  syllables,  while  the 
procedure  coosisted  in  readiug  aloud  these  syllables  as  they  ap- 
peared at  irregular  intervals  on  a  horizontal  rotating  cylinder, 
similar  to  that  of  the  Balizar  kymograph.  The  cylinder  was 
2j  inches  in  circumference  and  13  inches  lon^,  and  was  turned 
by  an  electric  motor  (acting  through  various  retarding  mech- 
anisms) which  caused  it  to  lolate  at  the  rate  of  one  rex'olutioo 
in  uiuc  sccondii.  The  syllabltrs  were  constructed  according  to 
the  general  rules  for  the  Kbbiughaus-Miiller  syllables'  but  as 
the  peculiarities  of  EnglLsh  vowelB  and  diphthongs  do  not  admit 
of  an  arrangement  identical  with  that  of  German  syllables,  the 
construction  of  the  English  syllables  underwent  some  unim- 
portant modification*.  The  chief  aim  was  to  secure  syllables 
which  were  not  suggestive  oue  of  the  other,  aud  which  were  as 
little  as  possible  liable  lo  suggest  any  associations  whatever. 
These  syllables  were  written  in  vertical  columns  (twelve  in  acol- 
umn),  on  twelve  strips  of  paper  (four  columns  onastrip)  which 
were  fastened  as  required,  ou  the  cylinder  above  meutioued.  A 
screen  was  placed  in  front  of  the  rotating  cylinder.  The  sub- 
ject sat  on  a  cliair  before  it,  and  through  an  opetnug  in  the 
screen  on  a  level  with  the  eyes,  he  read  each  syllable  as  it 
moved  past.  Before  beginning  with  the  chief  series,  the  syl- 
lables of  which  were  written  at  unequal  iutervals,  each  subject 
read  and  learned  four  serit^s  of  syllables  written  at  equal  inter- 
vals {r.75  inches),  lu  reading  these  syllables  the  subject  in- 
variably fell  into  one  of  the  four  common  verse  rhythms.  In 
all  the  other  series,  the  s>'llables  were  arranged  at  unequal 
distances  from  one  another.  Though  the  intervals  were  not 
the  same  on  any  two  papers,  a  description  of  one  paper  may 
give  an  idea  of  all. 

First  Paper. 

DUtance  between  the  ist  and  2nd  syllables,  3.625  Inches. 

Distance  between  the  snd  and  3rd  syllables,   1.75  inches. 

Distance  between  the  3rd  and  4th  syllables,  0.875  inches. 
These  distances,  representing  3,  2  and  1  units  respectively, 
were  repeated  until  twelve  syllables  had  been  written  in  a 
column.  Here  of  course  we  have  not  absolute  irregularity,  but 
rather  a  complex  rhyihm.  On  the  second  paper,  the  intervals 
were  again  in  the  ratio  of  3,  t,  i,  but  were  repeated  more  ir- 
regularly.    On  Cbe  third  paper,  the  arraugemeut  of  intervals 


■Kbbinghaus:  Uebcr  das  Gedilcbtnts,  Lelpsig,  1S85. 
MUller  u.  Scbaoi&no. 

Miller  u.  ScburDHDu:     Bxp«riuieutelle  B«ttraj{«  xnr  Untersacliung 
d«  GedachtnisMii,  Leipiig,  1&93. 
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was  again  still  more  irregular,  tbe  distances  v-arying  from  .635 
of  an  inch  to  5  inches.  Care  was  always  taken  to  keep  sdcfa  a 
distance  between  tbe  syllables,  that  but  one  syllable  coold  be 
seen  at  one  time  through  the  screen. 

The  experiments  were  made  with  the  assistance  of  seven 
competent  subject'^,  five  men  and  two  n*onien  including  the 
writer.  With  one  exception,  these  subjects  were  all  on- 
acquainted  with  the  purpose  of  the  cxptrioient.  Before  the 
tests  were  finished,  each  had  discovered  that  rhythm  was  in- 
volved in  tbe  reading,  but  no  one  had  any  idea  that  the  aim  of  j 
the  investigation  was  to  determine  the  extent  to  which  irregu* 
larity  among  intervals  might  exist  and  rhythm  still  be  mait 
tained.  The  experiments  lasted  25  days  for  each  subject,  and^ 
were  conducted  at  the  same  hour  every  day. 

Tbe  plan  for  daily  work,  after  the  preliminary  days  upon 
which  scries  of  syllables  at  regular  intervals  were  read  and 
learned,  was  as  follows  : 

First  Doy—TitK.  5.  1900.  8.30  a.  u.     Flnt  paper. 

Rotation  of  Cytlnder.  9  seconds.  Controlled  ImmedUtcly  before  and 
kft«r  every  test. 

CouiluctOT,  M.  K.  S.     Subiect,  Mr.  A. 

I.    Kearltng  first  Series  {J&  , ) — 30  Repetitions. 

t.     Rrii(lin);  necond  Series  (Sj)— K)  Repetition*. 

SecoHd  Dan — Dec.  6,  .    8.30  a.  m.     First  paper. 

Rotatioo  of  Cylinder,  9  seconds. 

I.    (a)     Reailing  ol  S,  nntil  iMmed.     Repetitioi)<i  necessary,  35. 
(b)    Test-    Reproil uclion  S  3  {  Treffer).     Syllables  reproduced,  4. 

3.    (a1    Reading  of  Si  until  learned.     Repetitions  necesaary,  3o. 
<bj    Te»t.     Ueproductiou  Si  (oral  reproaluction  of  whole  scries] 
Syllables  reproduced,  13. 

Pau«e  3  mniates. 

Second  Paper. 

3.  KeadinKofS]  — ao  Repetitions. 

4.  Reading  of  S « — za  Repetitions. 

The  work  for  the  remaining  days  was  similar  to  that  for  the 
second  day.  With  four  subjects  this  plan  wa.s  pursued  without] 
change.  With  the  other  three  subjects,  the  only  deviation' 
was  that  each  person  was  tested  for  a  reproduction  every  day 
directly  after  the  reading  of  each  new  iSeries  (30  Repetitions). 
The  30  repetitions  were  divided  into  two  groups,  with  a  panse 
of  30  seconds  after  tbe  first  ten.  This  procedure  had  nothing 
to  do  with  rhythm,  but  was  a  means  for  resting  the  reader's 
eyes,  and  wa.s  a  help  in  learning  the  syllables, 

At  the  close  of  each  experiment  every  day,  the  results  wer« 
noted,  including  the  introspections  of  the  subject,  as  well  as  tbe 
observations  of  the  couductor. 

The  memory  test  known  as  the  "Trefffr"  n-as  conducted  as 
follows.  Through  an  opening  in  the  screen,  a  single  syllable 
of  the  series  which  had  been  learned  was  presented.     The  sub- 
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ject  was  required  to  mention  the  syllable  which  came  next  in 
the  series.  Thns  six  syllables  were  presented,  as  a  means  to 
the  reproduction  of  the  other  six  syllables  of  the  series.  The 
order  of  presentatiou  was  systematically  varied,  so  that  the 
student  never  knew  what  part  of  the  series  would  be  presented.' 
The  memory  tests,  though  systematically  carried  oat.  had,  of 
courjie,  nothing  to  do  with  the  rhythm,  except  that  ihey  gave 
greater  purpose  to  the  reading,  and  directed  the  reader's  atten- 
tion away  from  the  rhythm. 

The  rhythm  resulting  from  the  readiug  was  recorded  as  it 
was  judged  by  the  couductor.  A  certain  control  of  this  jtidg- 
ment  was  attempted  by  means  of  separate  kymograph  records 
of  (he  reading  of  each  subject,  but  the  main  reliance  is  placed 
upon  the  subjective  judgment  of  the  conductor  of  the  experi- 
ment. In  a  strict  sense,  therefore,  the  results  might  be  sujv 
posed  to  be  influenced  by  the  rhythmic  tendencies  of  both  the 
subject  and  the  expcrimcn'.cr,  but  the  kymograms  give  suffi- 
cient ground  for  thinking  that  the  conductor's  judgments  were 
in  l!ie  main  correct.' 

The  following  table,  covering  the  tests  of  a  few  days  with  a 
single  subject,  will  give  sume  idea  of  the  observations  made 
aud  the  results  with  reference  to  rhythm. 

With  one  exception,  to  bemenlioiied  later,  the  experiment  for  which 
M  p*rt  of  the  record  in  given  below,  was  the  least  fialisfactory,  in  re- 
gard to  rlivthui,  of  any  lliat  were  made.  Reading  from  the  routiog 
cylinder  was  hard  for  Mr.  K.  The  motion  confused  hia  Tiiion.  while 
the  pronaiiciatioD  of  nieaainglesB  syllables  was  very  di^icalt.  At 
almoat  ev«ry  test,  the  cBort  involved  waa  so  great  as  to  be  disagree- 
able. Notwithstanding  thcs<  difficultiea,  a  constant  cBort  to  make 
unequal  intervals  eijunl  was  tn  lie  observed.  After  some  facility  had 
been  attained,  rhythm  always  appeared.  With  the  perception  o( 
rbythoi  came  plca&aut  feeling,  ann  a  sensation  of  relief.  The  learn- 
ing of  the  (our  ecrics  on  one  paper  required  for  Mr.   K.   from  30  to 


^MUller  a.  SchnniaDa:  Beltrfige  sor  Uutvraacbuog  dvi  G^flcbt- 
ntne«,  Leipeig,  1893. 

'TlicHc  kyuiogrania  were  secured  tn  the  following  way:  After  read- 
ing oue  of  the  series,  another  paper  with  the  saai«  spAciogs,  bat  con- 
taining other  syllables,  was  put  on  the  br&sa  cyliDcIer  which  rotated 
as  usual.  After  some  repetitions  for  practice,  the  subject  read  the 
syllables  into  a  small  funnel  counectcd  by  rubber  tubiog  with  a  tam- 
bonr.  Tlic  vibrations  of  the  clastic  membrane  of  the  tambour  were 
conveycti  to  a  pen  which  inscribed  the  movements  on  a  paper  on  a 
Becouu  kymograph  cylinder.  The  resulting  kymograms  showed  th« 
reader's  gniupings  of  the  syllables.  In  every  case,  the  kymosram 
abowed  a  rhythmic  ifrouping  which  upon  the  whole  s^reeil  with  the 
impreeaion  received  by  ttie  conductor  at  the  regular  readiuK,  Owing 
to  a  difficulty  iu  finding  suiiable  explosive  consouants  for  tlic  begin- 
ning and  eud  of  the  syllables  that  were  read  into  the  funnel,  the 
kymograms  were  not  always  easy  to  decipher  in  deuil,  which  prob- 
ably accounts  far  some  at  least  of  such  diSerenccs  as  appeared 
between  the  conductor's  record  and  those  of  the  kymograph. 
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tio  repetitions  of  e«cb  series.  Tbe  snhject  preferre<1  to  group  the  sirU 
Iiibleii  in  thrcem,  t>ut  vma  iteldoin  able  to  do  ao.  T^pon  tbe  wbole  tnr 
trocbuic  grouping  predomiunted.  With  ottier  tubfects  tbe  ume  te«t* 
gnve  different  results. 

From  the  beginning  Mr.  M.  secured  a  dialiact  Iambic  meaanre.  To 
do  thi>  he  was  obliged  to  make  many  niudificatlona,  so  tluit  the  efiect 
was  markMly  ilificreiit  from  the  oHinary  rerse  mfasiire  Where  the 
similarity  to  Terse  rbytbiu  w«>  IcMt,  a  rcsembluiice  tn  a  dancing  niove- 
tneot  waa  to  be  observed.  Krom  33  to  35  repetitions  were  necesaary 
(or  the  leArnliig  o(  a  series.  With  one  exception,  Ibis  was  the  smnlleat 
number  of  repetttiona  made  by  any  subject. 

Mrs.  K.  also  read  in  distinct  iambic  measore.  In  order  to  equalize 
the  internals,  she  memorized  certain  ayltnblen  at  the  first  or  second 
reading,  anil  then  brOBght  them  in  aa  she  needed  them  to  make  tbe 
meaiore.     The  reaaltlng  iambic  measure  was  as  follows: 

I  ^  J.  !  ^  ^  !  :.  ^  I  ^  I.  I  ^  _  I  ^  _  I 

This  tcit  indicated   that  the  intervals  bclvrecu  the  uiembei*  of  a 

5 :roup  and  tbe  intervals  between  the  groups  themselves  ore  very  dif- 
crent  matters.  If  cither  set  of  iiUerraU  he  equalized,  the  rhythm  is 
marked.  If  both  sets  be  equalized  tbe  rhythm  is  smoother,  but  not 
necessarily  more  musical.  From  tbe  iiieqaalitlea  of  the  time  intervals 
Mrs.  K.  inferred  the  inequalities  nt  the  space  intervals.  By  reason  of 
tbe  constant  rhythiu  malutaiued,  Mrs.  K.  learned  each  aeries  more 
quickly  than  any  of  the  other  aabjects. 

Another  subject.  Mr.  T..  found  the  readiuff  of  the  9am«  syllables 
very  difficult.  He  reported  a  "feeling  of  strain"  in  trying  to  catch 
the  passing  syllablefi.  The  nnennal  inlereals  were  the  source  of  some 
nnpleasant  feeling  which  the  subject  did  not  trace  to  tbe  right  source. 
He  tbougbl  tbnt  the  number  uf  Gyllnbles  was  not  the  sunie  in  all  tbe 
aeries.  Although  he  rcAd  throughout  in  trochaic  mea^nre.  his  man- 
ner of  rending  varied  greatlv.  llis  measures  were  Characterized  by 
pauses  and  shades  of  accent  that  come  under  no  known  rules  of 
rhytlim.  To  him,  learning  tbe  syllables  was  very  difficult,  and  very 
unideasant.     He  reoented  the  demand  on  hia  attention. 

Ur.  L.  found  the  same  syllables  easy.  He  read  constantly  in 
iambic  mensnre,  Uc  knew  nothing  of  the  purpose  of  the  experi- 
ments, yet  he  constantly  talked  of  rnrtbm.  !I«  found  tbe  irregulari- 
ties \-ery  amusing.  Tbe  rate  of  rotation  (u  seconds)  was  too  »low  for 
hitu,  so  that  be  made  many  fantastic  associations. 

Another  subject.  Mr.  A.,  secured  a  distinct  rhythm  by  a  procednre 
different  from  that  of  any  other  person.  He  grouped  In  twos  and 
threes,  often  securing  tbe  accent  by  substituting  time  for  streu.  He 
was  always  snccessfnl  in  securing  an  adaptation  of  sonnd  and  time  to 
the  space  Eutcrvats  of  the  scries.  To  bim,  the  difficulties  arising  from 
nneqnal  intervals  were  enlirelv  subjective.  He  heheve<l  that  be  vol- 
untarily created  the  eficcts.  The  measure  secured  was  agreeable,  and 
amusing,  and  aided  in  very  accurate  memory  work.  The  subject  said, 
"The  rhythm  is  divided  into  twelve  unequal  pnrts,  and  the  task  is  to 
make  those  purts  equal.  Yet  it  is  a  time  and  not  a  space  equality.  A 
new  arrangement  causes  a  feeling  of  uncertainty,  a  slight  annoyance 
at  not  being  able  to  run  at  once  into  an  old,  or  indeed  into  any 
rhythm.  pTbis  sotucwhat  unpleasant  feeling  is  tempered  by  a  curios- 
ity OS  to  what  can  be  done  with  tbe  rhythm.  When  one  cannot  read 
tbe  new  seriea  as  tbe  last  waa  read,  nncertainty  and  annoyance  fol- 
low. After  some  effort,  the  rhythm  settles  itself.  Satisfaction  arises 
and  things  become  easy-"  In  reading  the  tenth  paper,  the  tirst eight 
repetitions  gave  do  satisfactory  rhythm.  Finally,  aometbing  like  the 
following   was   sccarcd    |  —  |  —  J^^'--  —  I  —  I  —  I  —  —  '-f  l'^— (. 
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Tlib  ia  not  ftvtrM  rby tbm  of  covtm.  The  SBbfcct reported :  "The  low 

intervAlk  between  tbe  fir»t  two  syllAblcA  broke  up  mj  pfjffTTmrlhftfl 
of  gronpitig.  The  Eong  tntrrrsU  dctermiDrd  one  kioii  of  fooc,  the 
short  ones  qallc  another  kind.  Tbc  difficdUy  of  brisKisc  the  tjUmr 
blet  to  •  MiiRfwrtufy  fttop  at  the  end  wu  •  loaru  of  diaconfort.  It 
waa  like  a  strain  of  tnunc  entirely  onphraacd,  no  cadcooe  UMf 
whcre."  The  gronpinn  Taried  from  single  sylUblca  to  asspacsts, 
•od  dactrla.  In  Ibc  latter,  time  instead  of  atreas  gave  tbc  effect  of 
accent.  Tbe  ainglc  ayilables  were  tcttd,  each  in  tbe  time  of  thcgnHip 
of  three.  Tbe  iambic  foot  at  the  end  was  made  merely  to  aariafy  the 
Mr  of  the  aobject.     In  the  elcrentb  paper,  tbc  following  rfavthm  waa 

aecnred.    |  —  w    | ]  —  — |  —  [  —  ^|— ._^|  —  |,    The  objectiTe 

apacingt  were  very  nneqna).  The  whole  eficct  of  regularity  and  cqul- 
Ity  waa  aecurcd  by  the  voice.  In  the  twelfth  paper,  the  interra]*  *kried 
from  ibree-foDrihf  of  hq  inch  lo  five  inrbes,  yet  every  seriea  waa  r«ad 
iatrochalea.  Tbc  longest  intervals  being  at  tbe  cad  of  tbe  paper,  the 
laat  tyllables  were  learned  by  heart,  and  brought  in  at  tbe  ligbttiiac. 
The  learning  of  a  scries  rcqoired  from  35  to  55  repetitions. 

The  last  set  of  tesu  in  this  part  of  the  experiment  was  coodocted 
by  Dr.  Sanford,  the  conductor  of  tbc  former  testa  being  now  snbjcct. 
<!hi  tbe  fimt  paper,  ibe  iutervaU  were  equal,  yet,  until  tbe  seveath 
reading,  no  settled  rhythm  appeared.  Tbeo  there  seemed  to  be  a 
rising  nnd  falling  accent  upon  tbe  first  and  Mcond  syllables  of  each 
p4ir.  thus,  li^;^!  ^  ^\  ^  ^  \  £  "^  \  i^i  ^il-  In  the 
seconti  ['sper,  ibe  meaAnie  seemed  to  be  iambic.  Tbe  syllables  of  the 
third  p«p«r  seemed  to  fall  inio  triple  time,  thus,  |  d.  ^  ~  \  ^  —  !^ 
I  X  /  \  I  z'  ^  ^  I  ■  Later,  the  reading  seemrd  to  approximate 
UMp«esu,  or  Iambics.  Tbe  subject  reported  :  "Tb«  spaces  between 
the  syllables  appeared  to  be  equal,  bnt  some  aylUhleft  appeared  to  be 
nnduly  baatenctl,  while  Others  were  dalayed.  Was  disturbed  by  the 
fear  that  I  sbould  not  finish  the  scries  in  time,  tn  ccruin  rclatktas, 
some  flvllablea  are  difEcult  lo  pronounce.  Tbe  syllable  'war'  follow* 
jng  a  difficult  sylUble  was  almost  unpronounceable." 

These  tests  constituted  the  main  part  of  the  investigation, 
and  as  coaceros  tbe  question  of  a  limit  of  inequality  and  irregu* 
larity  of  intervals  tn  connection  with  voice  rhythm,  led  tn 
wholly  negative  results.  Every  subject  tried  of  kh  own  accord 
to  make  unequal  uitervah  equal,  or  at  {east  to  reduce  them  to  some 
rkythmual  grouping,  and  eaeh  succeeded.  Eaek  one  s/roi-e  la 
secure  a  rhythm  a^rreable  to  the  ear,  and,  before  any  teaming 
could  be  done,  thii  had  to  be  secured. 


_^.  of  the  failure  to  obtain  a  definite  answer  to  the 
i)  dr.  Sanfurd  proposed  a  series  of  tests  in  which  th« 
syllables  should  be  presented  still  more  "antirrhythmically," 
1.  e.,  the  inequalities  of  tbe  iuter\'als  should  be  greatly  m- 
crease<l  and  should  not  recur  even  in  the  twenty  repetitions  of 
tbe  series. 

Six  series  of  meaningless  syllables  (twelre  syllables  in  a 
series)  were  arranged  on  a  paper  thirteen  inches  in  width  and 
forty-two  feet  in  It-ugth,  This  length  allowed  the  repetition 
of  each  series  twenty  times,  at  distances  between  the  syllables 
that  were  never  twice  the  same,  and  varied  from  three-fourths 


UINOK   STUDIES. 


5" 


of  an  inch  to  ten  inches.  This  variation  extended  to  the  dif- 
ferent series,  no  two  of  which  were  arranged  in  the  same  way. 
The  syllnbles,  simiJar  in  construction  to  those  used  in  the  pre- 
vious tests,  were  printed  instead  of  written.  Blank  paper  four 
feet  in  length  was  attached  to  each  end  of  the  long  paper. 
This  strip,  now  fifty  feet  long,  was  rolled  tightly  on  tlie  cylin- 
der. The  latter  being  set  in  motion,  four  feei  of  blank  pnper 
first  rolled  off;  then  the  reading  of  separated  syllables  through 
an  opening  in  the  screen  begao  and  coutiotied  until  the  whole 
fifty  feet  had  been  run  uS.  By  the  time  the  whole  strip  had  been 
run  off,  one  series  bad  been  read  twenty  times.  The  paper  being 
readjusted,  the  next  series  was  read  in  the  same  manner  as  the 
preceding  one.  Two  new  series  were  read  each  day,  and  the 
learning  was  tested  as  before. 

The  point  was  to  find  whether,  with  the  increased  and  unre- 
pcated  inequalities,  the  subject  would  still  read  rhythmically. 
Of  the  Set  nf  subjecis  who  serveil  in  the  earlier  tests,  six  were 
also  employed  for  the  new  ones.  In  addition  four  new  subjects 
were  selected,  who  had  had  no  experience  in  work  of  this  kind. 

The  results  will  be  sufficiently  cleai*  from  the  individual 
reports: 

Mr.  K..  who  had  found  the  previous  work  sufficiently  trying, 
found  thus  confusing,  annoying,  and  very  difficult.  Towards 
the  close,  some  signs  of  rhythm  were  perceived.  The  learning 
was  very  imperfect. 

As  in  the  previous  tests,  Mr.  M.  read  in  distinct  iambics, 
and  learned  easily. 

Mrs.  K.,  as  before,  read  in  strong  iambics,  and  learned 
quickly. 

Mr.  S.  found  more  difficulties  than  before,  and  could  not 
learn  until  something  like  trochaics  was  secured. 

Mr.  A.  found  more  difficulty  than  in  the  previous  work,  but 
after  securiuj;  an  anapaest  movcoient,  he  learucd  readily. 

On  the  first  day,  Miss  S.  had  a  distinct  sensation  of  rhythm. 
Later  she  seemed  to  read  in  iambic,  anapaest,  or  dactylltc 
movements. 

Mr.  H.  (one  of  the  new  subjects)  had  very  Httle  sensation 
of  rhythm,  though  he  finally  grouped  in  twos.  He  could  not 
learn  the  syllables,  but  thought  that  he  could  have  done  so  by 
singing  them. 

In  reading  the  .same  series,  Mr.  H.'s  son,  a  boy  of  thirteen, 
read  in  iambics  at  once.  This  subject  knew  nothing  about 
the  unequal  intervals,  but  was  annoyed  by  "something  that 
broke  the  beat,"  so  that  he  could  "hardly  get  the  syllables 
back  into  order."  He  said  "it  was  like  men  stepping,  The 
band  played,  and  something  came  and  broke  the  march.  Sev- 
eral men  kept  time.  They  broke  step  suddenly."  Toward 
the  close  of  the  tests,  this  boy  sang  the  syllables  In  dactyls 
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and  kept  time  very  well.  The  singing  was  qtiite  sponUneous. 
This  lad  played  bis  way  through  the  tests,  and  enjoyed  the 
xeadiog  greatly. 

Another  of  the  new  subjects  grouped  the  syllables  In  threes 
by  beating  with  her  6ngeT.  Her  perception  of  rhythm  w«s 
very  slight. 

The  last  of  tliese  subjects,  Mr.  S.,  swayed  his  shoulders  to 
some  rhythmic  muvement  which  he  located  in  the  screen. 
Otherwise  he  bad  a  very  slight  perception  of  rhythm. 

III. 

In  summing  up  the  results  of  this  investigation  into  the 
limits  of  the  inequality  and  irregularity  of  iutervals  in  connec* 
tton  with  the  rhythms  of  speech,  it  may  be  stated  that  each 
subject  tried  to  equalise  uuequal  intervals.  Of  eleven  subjects, 
nine  had  a  distinct  impression  of  rhythm  resulting  from  a 
greater  or  less  equalizing  of  the  intervals.  The  other  two  sub- 
jects bad  but  vague  impressions  of  rhythm. 

Some  of  the  devices  for  securing  equality  were  as  follows: 

1.  Certain  syllables  were  memorized  at  the  &rst  reading. 
Later,  these  syllables  were  spoken  before  they  appeared  at  tbe 
opening  in  the  screen,  or  they  were  held  back  and  spoken  after 
tbey  had  passed.  This  hastening  or  delaying  of  the  syllable 
was  according  to  the  need  of  tbe  individual. 

2.  Manner  of  articulating  l>cc3me  a  factor  in  equalizing 
intervals.  Quick,  distinct  utterance  of  a  vowel  lengthened 
tbe  interval,  while  holding  it  with  a  glide  shortened  the  inter- 
val. 

5.  Sometimes  tbe  suspension  of  the  rhythm  bad  the  effect 
of  equalizing  the  intervals.  This  differed  distinctly  from  a 
pause  lictwecn  feet. 

6.  Beating  time  with  hand  or  foot  while  reading  was  an 
important  factor  in  securing  and  maintaining  equal  iuiervals- 

7-  Repetition  of  the  series  was  a  great  aid  iu  securing  regu- 
larity and  equality  among  intervals.  It  was  also  a  means  of 
developing  an  apprehensiou  of  rhythm.  Tbe  equality  was 
not  determined  by  the  shortest  interval,  but  by  some  one  inter- 
val to  which  the  others  could  be  the  most  eadly  adapted. 

Ghnebal  Obsskvations. 

Exetbting  Mr.  //..  who  had  na  ihforiei  regarding  rkythtH,  the  sub. 
Jtcts  alt  believed  thai  tt't'lhout  orderly  speech  mownentt,  and  at- 
proximately  equal  intervah.  regularly  sueeeeding  one  another,  tie 
teaming  0/ a  serifs  0/ fytlatilrs  Tt-as  intfiossible.  U'hen  fht  appreken' 
sion  0/ rhythm  atcawpanied  such  fHOivtnents ,  the  test  condition /or 
learning  existed. 

Some  of  tbe  subiecti  appreciated  tbe  tmporUnce  of  keeping  oae 
tbytbm.  Mr.  M.  and  Mrs.  K.  establieheil  an  iambic  rliytlim,  and 
marntniued  it  ttarougbout  their  work.  These  two  learned  witti  much 
greater  ease  tbao  tboae  wbo  showed  greater  varjations  in  rtiythiD. 
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After  tbe  plecMint  feeling  rennUlng  from  rbytbm  bad  beca  once  cz- 
pertenced,  it  came  lo  be  regarded  oa  very  important  In  learning, 
wbilc  the  nnplcasaDt  feeling  reaolting  from  irrrgnlnrity  atii)  confn- 
•ion  was  au  abtolule  hindrance  to  ihenanie  work. 

AUhnagh  the  teaming  of  the  AvMahles  wn«  the  chief  «itn  of  all  b»t 
one  o(  the  sabject*,  the  coiimmous  rffort  wn«  directed  mainly  to  the 
equalization  of  the  imervala.  After  n  rhythis  was  eatablished,  its  ten- 
dency to  persist  and  to  dominate  the  mental  state  was  marked.  So 
long  as  a  rhythm  leuiaitied  nochaufjcd,  the  sulistitntlon  ol  one  letter 
for  another,  at  the  beginning  of  a  ."yltable,  was  almost  impossible.  A 
ayllAMt  mlsprononnced  at  the  hegtnnltij;  of  tbc  work  must  remain  so 
thioti ghoul  the  tMl.  Also  the  rhythm  of  one  series  had  a  tendency 
to  domiuttte  tbe  neat  series.  .\  total  change  of  intervals  did  not 
always  in-mre  a  change  of  rhythm.  This  was  especially  shown  in  the 
work  «(  Mr.  M.  and  Mrs.  K. 

In  these  tests,  both  primitive  fsiiigle)  and  complex  rbytfams  were 
developed.  As  a  rule  the  pilmitive  rhytbm  wocn  developed  ran 
tfaroujjh  the  whole  series,  but  sometimes,  owing  to  the  ine(|ualitirs  of 
the  intervals,  iu  thesameseriea,  a  carious  minglingoi  simple  and  com- 
plex rhythms  might  occnr. 

In  reading  with  j^rimitive  rhythm,  no  stress  is  placed  oa  the  sylla- 
bles. The  rhythmic  t.-xprrxnioa  la  secured  by  tbc  management  of  tbe 
intervals  hrtwcrn  the  RylUhles.  The  snbjcrt  rcaliicd  the  monotony 
of  this  reading,  iind  as  »oon  as  facility  was  secured,  made  an  cfiort  to 
avoid  it.  Tbc  first  reactloa  againit  "level"  reading  was  shown  in  a 
tendency  to  accent  every  syllable,  a  procedure  only  less  teiltuus  iban 
tbconc  it  supplanted.  Just  here  arote  tbe  necessity  fur  grouping.  The 
limitations  of  respiration  made  it  impossible  to  accent  more  than  three 
syllables  with  one  breath.  A  strong  accent  on  each  meml>cr  of  a 
group  involved  atill  more  frequent  inhalations  of  breath.  Tbe  au- 
traiucd  suhjcct  waa  obliged  lo  take  a  breath  at  tbe  end  of  every  two  or 
three  syllables.  These  pecutisrilies  of  breathing  are  shown  clccrly 
on  the  kyroograms. 

The  next  step  from  a  simple  towards  a  more  complex  rhythm  con- 
sist^ in  gronping,  and  placing  an  equally  atroog  accent  on  each 
mcmberof  the  group.  After  some  rcpetiliaus,  the  snbjecta  (except  Hr. 
H.J  all  showed  a  tcudency  to  accent  »ome  one  member  of  a  group, 
especially,  go  tbai  the  cQecl  of  verse  Thytbiu  was  secured.  Of  seven 
BUD^ts  who  served  for  tbe  regular  expcrimcnis.  four  grouped  mostly 
in  iambics,  and  three  moslly  iu  tcochaicit.  Iu  the  extra  teste,  only 
the  yon Bg est  of  tbe  new  subjects  read  in  iambic  measure.  Among 
the  snbiects  for  the  regular  tests,  two  read  exclusively  in  iambics,  ana 
one  nearly  always  in  trochaiea.  Tbe  other  aubjeels  read  more  or  lets 
in  dactyls  or  anapaests,  though  they  seemed  to  prefer  iambics  or 
trochaic  s. 

The  exigencies  of  the  irregular  arrangement  often  made  ueccsaary 
a  grouping  that,  though  rhythmic,  belonged  to  uo  ooe  of  the  four-verse 
rhythms.  At  times  three  of  the  four  ty^iical  niea.iurei  were  combined, 
while  at  other  times,  the  reading  involved  one  or  two  of  the  regular 
measures,  together  with  groups  of  evenly  accented  syllables,  and 
even  with  isolated  members  strongly  accented.  Often,  while  the  con- 
venlioDKl  group  was  preserved,  the  rhythmic  effect  was  dominated  by 
the  single  syllahles.  In  three  cases,  the  rhythm  was  like  that  of  a 
dancing  movement. 

The  musical  effect  of  tbe  anapaestic  and  dactyllic  nuaaures  waa 
greater  tban  that  of  tbe  iambics,  and  trochaics.  With  tbe  three- 
part  measures,  the  learning  o(  the  »crie«  was  no  more  difficult  than 
with  the  two  part  measures,  but  with  tbe  former  the  reproduction  of 
syllables— after  no  interval—was  much  less  certain  than  with  the 
Utter. 
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Spinoza's  prooTdi  ffutre  geamt/ricp  aad  his  great  labors  to  re- 
duce all  the  statements  of  his  ethics  to  this  ibnn,  have  often- 
times blinded  the  student  tn  the  tnie  modcraity  of  biti  ideas. 
To  6ad  peeriDg  out  from  his  stilted  phraseology  and  labored 
demonstration  a  theory  of  the  origin  and  development  of  the 
mind  Ibat  in  essentially  modern  aud  that  forecasts  much  of 
modem  method,  is  an  toterestiog  experience,  especially  when 
we  realize  that  this  was  probably  the  theory  which  he  employed 
unconscinnsly  in  everyday  life. 

With  Spinoza's  general  theory  ex'cry  one  is  familiar.  There 
is  but  one  substance,  God.  which  manifests  itself  under  the 
two  attributes  of  thougbtand  exteusion.  These  two  attributes 
run  parallel  to  each  uiher  in  all  their  modL-s,  and  hold  no 
causal  relationship  to  each  other  except  as  they  are  each  re- 
ferred to  God. 

Here  at  the  very  beginning  we  see  an  interesting  obscurity 
in  Spinoza's  thought.  He  says  distinctly  that  mind  and  ex- 
tension are  not  different  substauces  but  Itae  same  seen  under  a 
different  attribute.  Is  it  not  then  quite  as  unsuitable  tn  spi.-ak 
of  a  parallelism  between  them  as  of  a  causal  relation?  Ought 
we  not  rather  to  say  that  when  God  reveals  himself  as  thought 
then  this  extension  appears?  But  leaving  this  aside,  if  he  ad- 
mits that  there  is  but  one  substance,  how  can  he  deny  a  causal 
relationship  between  all  forms  of  this  substance? 

Taking  the  theory  more  in  detail  and  rearranging  the  order 
in  which  Spinoza  gives  his  proofs  in  order  to  show  the  parallel' 
ism  between  him  and  modern  theory,  we  get  the  follo^ving. 

In  Part  3,  Props.  6.  7  and  9,  Spinoza  states  that  everything 
endeavi>Ts  to  persist  in  its  own  being,  and  that  this  endeavor  is 
its  actual  essence.  When  referred  to  the  mind  solely,  the  en- 
deavor is  called  will;  when  tothemimlandlHidy  in  conjunction, 
appetite,  and  when  the  mind  is  conscious  of  its  endeavor,  the 
consciousness  is  desire.  What  would  Spiuoza  call  the  endeavor 
when  referred  solely  to  the  body  ? 

The  similarity  of  this  to  our  modern  idea.  Is  very  striklag. 
We  tend  more  and  more  to  look  upon  our  mind  as  it  functions 
to-day  as  the  residuum  of  countless  efforts  at  self-preservation. 
One  theory  that  is  very  commonly  accepted  states  explicitly 
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that  mind  arose  in  the  effort  of  the  body  to  preserve  itself,  and 
that  when  no  farther  effort  is  necessary,  mind  retires.  This 
again  makes  striving  the  essentia]  feature  of  the  mind,  the 
matrix,  so  to  speak,  out  of  which  arc  diHercntialed  later  thought 
and  feeling. 

This  also  is  Spinoza's  idea,  for  he  goes  on  to  say  (Part  3, 
Props.  1 1  and  12)  thai  since  the  essence  of  the  mind  is  will  or 
the  attempt  at  self- pre servflliou.  we  shall  have  pleasure  in  the 
passage  to  a  greater  perfection  and  pain  in  the  passage  to  a 
lesser  one,  and  we  shall  etideavcir  to  conceive  only  the  first. 
The  modern  pleasure-pain  theory,  xvhile  it  realizes  more  fully 
than  Spinoza  could  the  difficulties  to  the  way  of  accepting  this 
idea  niireservcdly,  stjll  has  no  better  general  theory.  It  too, 
says  that  on  the  whole  pleasure  is  the  sign  of  nrell-being  and 
pain  of  harmfulness  to  the  body. 

These  general  assumptions  that  Spinoza  ma^es  with  regard 
to  persistence  and  to  pleasure  and  pain,  make  his  theory  e&sen- 
tially  no  evolutionary  one,  in  spite  of  his  efforts  to  make  it 
mathematical.  And  yet  this  very  endeavor  to  employ  mathe- 
matical demonstration  is  one  proof  of  his  modern  spirit.  If, 
instead  of  geometry,  he  could  have  used  such  forms  as  now  are 
employed  both  in  our  physical  and  psychological'  laboratories, 
he  would  have  had  the  cxactnpss  for  which  he  so  longed  with- 
out at  the  same  time  petrifying  his  theory.  But  he  was  too 
early  in  time  for  those  forms  of  mathematics. 

When  we  take  up  more  in  detail  Spinoza's  theory  of  knowl- 
edge, we  »ee  even  more  clearly  both  his  closeness  to  the 
modem  spirit  and  his  separateness  from  it.  Ue  does  not  argue 
as  to  the  origin  of  knowledge.  He  assumes  it  in  Part  2,  Axiom 
3,  where  he  says:  "Modes  of  thinking,  such  as  love,  desire  or 
any  other  of  the  passions,  do  not  take  place  unless  there  be  in 
the  individual  an  idea  of  the  thing  loved,  desired,  etc.,"  and  in 
Prop.  13,  be  says  and  demouslrales  that  "The  object  of  the 
idea  constituting  the  human  mind  is  the  body,  in  other  words, 
a  certain  mode  of  extension  which  actually  exists,  and  nothing 
else,"  and  in  Prop,  ti,  "The  first  clement  which  constitutes 
the  actual  being  of  the  human  mind  is  the  idea  of  some  particu* 
lar  thing  actually  existing." 

That  is.  the  world  of  extension  is  the  object  without  which 
the  mind  would  have  no  ideas,  that  is,  actually  no  existence. 
Surely  this  comes  very  close  to  being  a  sensationalistic  theory 
of  knowledge,  in  spite  of  a  formal  a.<tsertion  which  he  makes 
later  on.  For  all  practical  purposes  it  is  both  sensationalistic 
and  causal,  as  one  can  reason  from  mental  to  bodily  effects  and 
from  bodily  to  mental  with  complete  accuracy.  What  he 
really  is  saying  is  that  without  some  material  with  which  to 
work  the  miud  could  have  no  existence,  and  this  material  must 
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be  the  otber  attribute  of  God,  the  oiie  substance.  If  God 
stands  ready  to  display  a  ceriain  mode  of  extension  every  time 
that  there  is  a  certain  mode  of  thought,  it  surely  is  not  far 
from  t>eing  a  practical  cause  and  effect  retatioo  between  the 
two,  tUouKh  it  does  aeeui  rather  hard  on  God  to  make  him  into 
a  go-between. 

Since  the  object  of  the  human  consciousness  is  only  the  body, 
then  the  mind  (Part  2.  Props,  14  rf  jc^.)  will  perceive  things 
In  proportion  as  the  body  is  capable  of  receiving  impressions; 
the  ideas  that  wc  have  bear  a  direct  relation  to  the  otimber  and 
delicacy  of  the  sense-organs  and  Lo  oar  general  bodily  stmcture. 
What  we  consider  our  knowledgeof  external  nature  is  in  reality 
far  more  a  knowledge  of  our  own  bodies.  To  take  a  modern 
instance,  if  we  say  a  book  is  heavy  we  mean  that  our  muscles 
react  in  a  certain  way  for  which  our  mind  has  a  certain  name. 
Another  person  may  say  that  the  same  book  u  tight.  The 
quality  of  ibe  object  is  realty  due  to  the  condition  of  our  setLse- 
organ. 

This  is  tile  beginning  of  Berkeley's  idealism,  one  would  say, 
as  well  as  of  much  of  onr  modern  educational  and  ethical 
theory,  which  sets  about  giving  sane  ideas  of  the  world  by  de- 
veloping a  healthy  body.  If  the  content  of  the  mind  consists 
solely  of  its  couKiousness  of  bodily  changes,  then  surely  noth- 
ing is  more  important  to  nicnial  balance  than  bodily  health.  I 
do  not  know  that  Spinoza  elaborated  this  idea  in  any  of  his 
writings,  but  his  life  exemplified  his  belief  in  it. 

Akmji  with  this  goes  naturally  a  theory  of  illusions  and  of 
a.ssociation  of  ideas  (Props.  17  and  18).  If  we  have  any  idea 
of  an  external  object,  we  shall  consider  it  as  actually  exi&teut, 
unless  we  can  disprove  its  existence  by  means  of  the  otber 
senses.  Memory  and  imagination  are  explained  as  due  to  the 
permanent  changes  made  in  the  soft  parts  of  the  body  by  exter- 
nal bodies  striking  upon  the  bodily  Quids,  which  in  turn  strike 
on  these  soft  parts  and  alter  them.  Then  if,  at  another  time, 
without  an  cxterual  body  striking  the  fluids,  the  fluids  strike 
the  soft  parts,  the  idea  i)f  the  external  body  will  be  aroused. 
In  the  same  manner,  if  two  ideas  have  been  aroused  at  once, 
the  later  arousal  of  either  tends  lo  call  up  the  other.  If  Spinoza 
had  kuown  a  little  more  about  the  uervous  system  he  would 
have  written  James's  chapter  on  Association  of  Ideas  some  two 
hundred  and  fifty  years  ago. 

In  Prop.  23  we  find  a  valuable  suggestion  as  to  psychologic 
cal  method.  The  mind  cannot  know  itself  except  in  so  far  as 
it  perceives  the  ideas  of  the  modifications  of  the  body;  that  is. 
to  know  our.sclves  we  must  study  perceptions  and  sensations 
primarily,  not  theorize  abstractly  on  the  nature  of  the  mind. 
We  must  observe  the  effects  of  outside  stimuli  and  trace  the 
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connections  between  external  objects  and  conscious  tuauifesta- 
tJons.  Wc  can  imagine  that  Sptnoza  would  heartily  adopt  ex> 
perimeDtal  psychology,  especially  a*  it  would  afford  some  of 
the  mathematical  demonstnLtiou  which  he  loved  so  well. 

In  Props.  38  and  39  of  Part  2,  he  also  hiut^  at  the  reason 

why  mau  is  social.     Some  ideas  are  common  to  alt  men  because 

their  bodies  agree  in  eertaiq  respects.     Then  the  more  that  a 

man's  body  has  in  common  with  other  bodies,  whether  human, 

animal  ur  inanimate,  the  more  will  he  have  in  common  with 

,  them  and  the  more  adeijuate  will  the  ideas  be.     That  is,  to  use 

i  modern  language,  our  brotherhood  with  man  is  due  to  an 

actual  physical  likeness.     Or,  in  Spinuzistic  speech,  each  of  us 

is  but  a  mode  of  the  one  substance,  and  the  more  that  mode 

has  in  common  with  other  modes  whether  of  thought  or  exten- 

sion,  the  more  will  we  know  them.     Sympathy  rests  upon  a 

I  baas  of  like  feeling,  and  like  feeling  is  impossible  unless  the  cue 

1x)dy  is  like  th<;  other  body. 

These  adequate  ideas  must  not  be  considered  as  concepts,  or 
what  Spinoza  calls  general  ideas.  The  latter  arise  from  the 
fact  that  our  imagination  is  unable  to  picture  distinctly  all  the 
individuals  of  a  class,  becomes  confused,  and  loses  sight  of  the 
minor  differences,  thusconftjunding  the  individuals  and  keeping 
clearly  in  mind  only  the  points  in  which  they  all  agn.'e.  This 
sort  of  knowlcdgL'can  not  be  depended  on,  while  adequate  ideas 
liud  intuition  can  be. 

But  when  we  ask  how  we  can  know  a  trtie  idea,  we  come  to 
what  is  probably  the  fundamental  difference  between  Sptnoza 
and  modern  thought.  In  Part  a.  Prop.  43,  he  says,  "He  who 
has  a  true  idea  simultaneously  knows  that  he  has  a  true  idea 
and  cannot  doubt  of  the  truth  of  the  thing  perceived."  Again 
and  ag:iiii  he  a.ssert3  this  and  he  refuses  to  discuss  the  question 
of  wbetln-T  the  idea  truly  rcprtscuts  the  object,  saying,  "As  to 
how  a  man  can  be  sure  that  he  has  ideas  that  agree  with  their 
objects,  I  have  jnst  pointed  out  with  ahnndant  clearness  that 
his  knowledge  arises  ftom  the  simple  fact  that  he  has  an  idea 
which  corresponds  with  its  object,  in  other  words,  that  truth  is 
its  own  standard." 

The  centre  of  his  proof  seems  to  be  his  assumption  that  we 
are  necessarily  conscious  of  any  idea  that  we  have,  that  is,  that 
consciousness  and  self-consciousnees  are  really  the  same,  or 
that  if  we  have  an  idea  we  must  know  that  we  have  it,  and  not- 
only  that,  but  muht  know  all  its  characteristics.  Then  we 
ought  to  know  not  only  true  idea£  at  sight,  but  false  ones,  and 
never  ought  to  be  deceived.  Spinoza  is  not  at  all  satisfactory 
bere.  He  says  that  a  false  idea  is  due  to  confused,  fragmentary 
or  inadequate  ideas,  but  still  does  not  explain  why  we  do  not 
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perceive  this  confn^on.  etc..  if  the  idea  carries  its  own  «]CO 
with  it. 

lo  bis  theory  of  the  will  be  is  once  more  very  modern.  It 
is  not  in  the  nature  of  reason  to  regard  things  as  contingent, 
bnt  as  necessary.  The  mind  is  always  determined  by  a  cause, 
which  is  determined  by  another  cause,  and  so  on  ad  infinitutn. 
There  is  no  freedom  of  the  will. 

Still  more,  both  will  and  understanding  are  only  abstract 
tenns  for  a  sum  of  particulars.  There  is  no  will  in  the  abstract 
apart  from  particular  volitions,  and  there  is  no  particular  voli- 
tion apart  from  ideas.  Will  and  understanding  are  one  and  the 
same  thing.  There  can  be  no  volition  or  negation  save  that 
which  the  idea,  by  the  very  fact  of  its  being  an  idea,  involves 
(Part  2,  Props.  4S  and  49).  An  idea  is  not  like  au  inanimate 
picture  on  a  panel  he  sav.s  in  various  places.  It  is  a  living, 
growing  thing,  which  by  its  very  nature  involves  a  judgment, 
an  affirmation,  that  is,  a  volition. 

We  could  hardly  have  James's  theory  that  all  consciousness 
is  motor,  stated  more  explicitly  in  the  absence  of  modern  proofs 
of  it.  The  denial  that  mind  and  voUtiou  have  an  abstract  ex- 
istence, an  existence  apart  from  thinking  and  willing,  aud  the 
assertion  that  the  essence  of  the  mind  is  will  and  that  under- 
standing and  will  are  ideotical; — these  assertions  take  Spinoza 
over  into  the  most  modern  of  modera  thought.  The  inner  need 
for  exact  proof  must  indeed  have  been  compelling  lu  order  to 
force  snch  ideas  into  the  strait-jacket  of  geometrical  demoD- 
stration. 


ON  THE  NAMING  OF  COLORS. 


By  H.  li.  Houston  and  W.  W.  Wasbbdkx. 


The  ancients,  as  is  well  known,  had  comparatively  few  color 
names  atid  used  these  loosely.  This  deficieacy  does  not  neces- 
sarily mean  an  inability  to  discriminate  colors,  nor  does  an  in- 
crease in  color  vocabulary  mean  an  increase  in  the  nicety  of 
discrimination.     The  completeness  of  the  color  vocabulary  de- 

?:ods  rather  ou  the  extent  of  the  social  needs  of  designattan. 
he  color  name^  of  savajfe  and  semi-civilized  peoples  of  the 
present  day  have  been  found  to  be  quite  defective,  though  their 
powers  of  discrimination  are  exceedingly  fine. 

Our  own  system  of  color  names  and  their  application  leave 
yet  a  good  deal  to  be  desired.  Efibrts  have  been  made  at 
various  times  to  introduce  arbitrary  standards,  but  none  has 
been  widely  accepted,  except  the  designation  of  the  standard 
hues  by  the  corresponding  wave-lengths  in  the  spectrum  or  by 
reference  to  the  Frannhofer  lines.  For  the  purples,  grays,  and 
the  tnuUitude  of  tints  and  shades  this,  of  course,  makes  no 
provision. 

On  the  other  side  of  the  question — the  precision  with  which 
color  names  are  now  actually  applied— a  few  observations  have 
been  made  and  at  least  one  experimental  study  has  been  carried 
out. 

Prof.  H.  K.  Wolfe '  made  an  Investigation  of  the  color  vo- 
cabulary of  school  children.  The  children  were  asked  to  name 
colors  which  were  shown  to  them.  The  colors  used  were  oU 
pigments  applied  by  means  of  a  brtish  to  cardboard,  previously 
treated  with  a  coating  of  glue.  Cumparistm  was  made  ou  the 
basis  of  age  and  not  of  class  standing.  The  answers  of  those 
deficient  in  color  vision  were  classified  by  themselves.  The 
resulis  were  then  tabulated,  giving  the  correct  answers  in 
i.ooo.  Males  and  females  were  classified  separately.  Colors 
are  named  in  an  entirely  different  order  from  that  given  by 
Preyer.  Tables  are  given  showing  the  rate  and  time  of  im- 
provement, also  sex  differences.  Many  colors  are  absurdly 
named,  and  the  conclunon  is  that  the  color  instruction  has 
been  very  defective. 

Our  own  experiments  were  In  general  method  akin  to  those 


*  B.  S^  Wolfe:  Studles-irom  the  Uoivertity  o(  Nebraaka,  1890. 


5J0 


HOUSTON   AND  WA3HBDRN  : 


of  Wolfe,  but  carried  out  upon  subjects  of  a  greater  range  ia 
age.  The  colors  selected  for  these  sets  of  teats  were  the  twenty- 
ficnir  spectrum  colors  of  tbc  Pracg  Hducatioaal  Compauy.  Ttae 
purpose  of  the  experiments  was  to  see  kow  the  colors  would 
be  named  hy  school  children  aii<!  college  students  if  left  U> 
themselves  aud  not  aided  by  any  artificial  system.  The  colors 
were  cut  in  Rquarcii  twenty  centimeters  on  the  side  with  a  bor- 
der of  black  of  two  ceutiuielers  iti  width.  These  colors  were 
held  up  before  tbc  various  classes  in  a  good  light,  direct  sun- 
light being  avoided.  The  pupils  observed  the  colors  and 
wrote  their  answers  independcnily  on  paper.  In  the  lower 
primary  grades  where  the  children  were  unable  to  write  they 
were  questioned  independently,  out  of  the  bearing  of  the  other 
pupils.  In  other  respects  the  testii  were  exactly  the  same  as 
in  the  other  grades.  The  colors  were  purposely  arranged  ia 
the  order  of  every  sixth,  t.  e. ,  if  we  represem  the  colors  of  the  < 
Prang  system  by  the  numerals  i,  2,  3.  .  .  .  24,  the  order 
in  which  the  colors  were  presented  would  be  1.  7,  13.  19;  2,  8, 

14,  20,  etc 24.     The  colors  were  each  exhibited  for 

about  one  second.  A  considerable  number  of  names  were 
given,  including  the  names  gittin  to  various  colored  fabrics, 
the  colors  of  flowers,  of  plants  and  of  concrete  objects,  such 
as  brick -red,  etc.,  but  all  of  these  together  form  a  very  small 
percentage  of  the  wbule  number  of  answers.  It  was,  there- 
fore, thought  best  to  classify  these  under  the  headings  of  red, 
yellow,  orange,  greeti,  blue,  and  purple. 

The  first  of  the  following  tables  gives  the  measurements  of  the 
Prang  colors  in  terms  of  the  five  color  standards  used  in  the 
Physical  Laboratory  at  Columbia  University.  Thus  90*  of 
the  first  red  of  the  Prang  series  plus  10%  of  white  matches 
57%  of  the  Columbia  red,  plus  6.7%  of  the  Columbia  blue, 
plus  3(1.3%  of  black. 

The  later  tables  give  the  percentages  of  answers  for  each 
of  the  colors  for  the  kindergarten  pupils  and  for  the  whole 
number  of  subjects  tested. '  The  accompanying  curves  give  the 
latter  results  In  graphic  form,  the  ordinales  denoting  the  percent- 
age of  answers  for  each  Prang  color  and  the  abscisss  denoting 
the  position  of  the  same  color  in  the  spectral  color  system. 
This  position  was  determined  by  estimating  the  distance  be- 
tween the  .tuccessive  steps  in  the  following  way: — A  large 
circle  was  drawn  on  which  were  placed  the  twenty-fo\ir  colors 
in  their  regular  order,  from  i  to  24.  Then  the  distances  were 
altered  until  they  seemed  to  represent  the  proper  differences  in 
color  sensation.  The  estimates  were  made  by  seven  subjects 
and  the  nhsctssie  used  are  the  averages  of  the  seven  estimates. 

*Tlie  perceiilajtes  for  the  Vin<]ergHrt«n  year  ouly  are  here  given 
Mparatel;  as  there  are  ao  strikiut;  ili&erenceft  amoag  the  other  yews. 


ON  THB  NAMING  OF  COLORS. 


521 


Measurements  of  Prang  Colon.    Columbia  Standards. 


Prang  Colon. 

R. 

0. 

Y. 

Y. 

B. 

BK. 

W. 

QoR  lo  W 
96RRO4W 
98RO  3  W 
100  ORG 

57  0 

100. 0 

86.4 

50.0 

6.7 

363 

13-6 
50.0 
71.8 
61.7 
40.5 
18.7 

100  0 

8.4 
36.3 

4a -5 
77-3 
81 .3 
47.0 
28.5 
n.6 

2.t 

14.4 

6.7 

10.3 

5-4 
6.E 

100  0  Y  0 

100  Y  0 

100  Y  Y  0 

4.0 

94  Y  +  6  BK 
84  Y  Y  G  +  16  BK 
98YG  +  2  W 
100  G  Y  G 

18.8 
53-0 

71-5 
56.6 

39-9 
27.7 

29.4 

23.6 

^.8 

3.4 

-^.6 
38.3 
67.2 
88.1 
92.7 
566 
45-2 
386 
141 
8.8 

4-7 

0.2 
3r.8 
58.0 

63.7 

42.4 

8.8 

2.9 

41-5 
50-S 
54-3 
73-9 
71.4 
56.6 

100  Y 
looGBY 
100  B  G 
lOoB  B  G 
62  B  +  38  BK 
100  B  B  V 

(Y 

.644) 
.614) 
.585) 
■518) 

■452 :» 

0.4 

7» 
2.0 

100  B  V 

1.9 

4-3 

71 

12.0 

19.8 

38.7 

100  V  B  V 

100  V 

99VR  V 
96R  V  +  4  w 
90  R  R  V  +  10  W 

No.  of  Experiments,  48~S3-    Kindergarten  Pupils.     Av 

Ages. 

N( 

>.     Name. 

Red. 

Orange. 

Yellow. 

Greeo. 

Blue.' 

Purple. 

I 

2 

R 
RRO 

100 
97.8 

2.2 

3 

RO 

95-7 

4-3 

4 

ORG 

37  0 

48.2 

12.8 

5 

0 

14.0 

50.0 

36-0 

6 

OYO 

5-0 

57-4 

37-6 

1 

YD 

3-0 

31-0 

66.0 

YYO 

13.0 

88.0 

9 

Y 

II. 0 

84.0 

5.0 

io 

YYG 

40-5 

51-0 

8-5 

II 

YG 

5-5 

8-5 

13 

GYG 

3-3 

89.2 

7-5 

13 

G 

3-3 

84.9 

II. 8 

14 

GBG 

88-0 

13.0 

i.-i 

BG 

Mist 

-^llaneou 

J. 

67.2 

32.8 

16 

BBG 

5-5 

II. 0 

83-5 

17 

B 

6.0 

3-5 

905 

18 

BBY 

6-5 

<-5 

90.5 

1-5 

19 

BY 

94-0 

6.0 

20 

YBY 

70 -5 

29.5 

21 

Y 

8.0 

54 -o 

38.0 

23 

YRY 

21.6 

31-8 

40.3 

23 

RY 

V, 

12.8 

12.8 

*4 

RRY 

12.8 
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Averages  of  ail  Experiments. 
No.  of  experiments,  1,573-  Ages,  5  to  24  years. 


N< 

}.     Name. 

Red. 

Orsnge. 

Yellow. 

Green. 

Bine. 

Purple. 

I 

R 

97.1 

0.9 

2 

RRO 

93-9 

6.1 

3 

RO 

96.8 

3-2 

4 

ORO 
0 

19.3 
4.4 

80.8 
95-6 

6 

OVO 

0.8 

41. 1 

58. 1 

I 

YO 

25.2 

74.8 

YYO 

8.3 

91.8 

9 

Y 

19 

98.1 

10 

YYG 

23.6 

76.4 

II 

YG 

3-8 

96.3 

12 

GYG 

2.9 

97.1 

13 

G 

99.8 

0.3 

14 
15 

GBG 

BG 

Misi 

:ellaneou 

J. 

97.2 
58.1 

2.8 
41.9 

16 

BEG 

0.4 

2.4 

97.2 

17 

B 

o-S 

g:^ 

6-5 

18 

BBV 

0.6 

15a 

19 

BV 

69.3 

30.8 

20 

VBV 

66.1 

21 

V 

5-3 

31-7 

63.0 

22 

VRV 

29.4 

70.6 

23 

RV 

93.6 

7-4 

24 

RRV 

98.1 

1.9 

R 

\r\ 

^ 

I 

f 

^ 

H 

\^ 

\j 

O 


U     13  1314  15 


li30% 


Hi 


16-17-iaiU 

o  o 
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As  points  of  special  interest  in  the  etudes  may  be  noticed 
the  somewhat  broad  range  of  colors  that  were  almost  always 
denominated  "red,"  "green"  or  "blue."  For  "orange"  and 
"yellow"  the  total  range  is  perhaps  nearly  as  great,  but  the 
high  frequency  of  usage  is  confin^  within  extremely  narrow 
limits.  Another  item  is  the  sharpness  of  the  demarkation  in 
the  usage  of  "green"  on  the  side  toward  red  as  compared  with 
its  wide  range  on  the  side  toward  blue,  corresponding  to  the 
common  uncertainty  of  "telling  green  from  blue."  In  a  some* 
what  similar  fashion  "blue"  and  "purple"  overlap.  It  is 
also  interesting  to  notice  that  the  pair  "blue"  and  "yellow" 
do  not  overlap  at  all,  though  they  might  perhaps  be  expected 
to  do  so,  if  it  were  actually  possible  to  see  in  green  a  mixture 
of  yellow  and  blue  as  some  have  thought  could  be  done.  A 
similar,  though  smaller,  gap  separates  the  usage  of  the  names 
"red"  and  "green."  "Green"  and  "purple".(here  equivalent 
to  violet  pro&bly)  were,  however,  a^^Ued  to  identi(»l  colors 
by  different  individuals. 
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7^*  Nalttn  of  Truth;  an  Essay,  by  H.  H.  Joacuiu,    Oxford,  Clareo- 

iloD  PrcM,  1906.    pp.  tSs. 
PragmatiitH,  a  JVirw^  Name  /or  Some  Old  Ways  of  Thinking;  populap 
Uttttrsi  OH  philosophy,   by   W.  JamB5.     New  York.   Loagmao*. 
Green  &  Co..  1907.     pp.  xiii,  309. 

Tbene  two  works  He  too  far  beyond  tbe  confihe^  of  pAycbolofrv  to 
leceive  deluiled  IresttiienL  its  a  p»jc  ho  logical  journal.  They  offer, 
however,  ilo  excellent  illnatraiion  of  that  fuuuameuta]  tliSerence  of 
temperament  which  I'rofessor  jAtneii  lays  at  the  ba«is  o(  all  pbUo* 
vophicat  ilifft;reiiC«ft  ;  and  th«y  ^f^RliTl<I  n«  that  tbe  {wycboloffy  of  leia- 
peraiueui  is  so  far  in  ita  earliest  infaccy. 

Mr.  Joachim  dismissea  pragmatism,  in  hi*  preface,  as  unwortbv  of 
seiionflcouftideration.  "In  substance  ihv  doctrine  remains  what  Plato 
proved  it  to  tte :  not  a  new  theory  of  truth,  hut  a  denial  of  troth  alto- 
getber."  Hit  own  object  i«  to  "examine  certain  typical  notions  of 
tratb,  one  or  other  of  wbicb  .  .  .  ban  hitherto  «erved  ••  the  twsia 
of  philosophical  apeculatton."  The  firitt  of  thene  regnrdit  truth  aa 
corTCMpondence  ;  the  second,  as  a  quality  of  rntitic*  entirely  inde- 
pendent of  mind  :  and  the  third  «s  cuhctence.  The>e  are  discnased  la 
as  many  consecutive  chnptern.  and  the  esuy  concludes  with  a  fourth 
chaptrr  on  the  negativr  element  and  rrror.  The  upshot  i»  that  "th« 
coherence  notion  fails  of  complete  success;  but  it  hae  carried  us  fur- 
Iber  into  the  heart  of  theprnblcm  tbnn  cither  of  the  other  two  notions, 
and  it  has  mniniaincd  itM^lf  fiKaiust  difticultlcs  to  which  they  suc- 
cumbed." 

Professor  Jamcs^who  docs  not  fail  to  signalize  the  mainly  negative 
outcome  of  Mr,  Joachim'a  essay  as,  in  so  fnr.  an  aiKiimcnt  in  his  own 
behalf — prcstnts  pragmatism,  iu  eight  Lowell  Icctnrcs,  as  ciiscntially 
a  mcliator.  luctliodo logically  oitd  mctapliysically.  between  absolute 
idealism  and  caipiricisni.  The  lecttircs  den!  with  the  preseot  dilemma 
in  philosophy — namely,  the  antithesis  just  mentioned;  the  mesniag 
of  pragmatism  as  nielhod ;  the  praf;matic  attitude  to  &ome  metaphysi- 
cal problems,  such  as  substance,  Go<l,  fiee  will,  design,  the  one  and 
the  many:  the  relation  of  pra^matiam  tocommon  sense;  pragmatism's 
conception  of  truth;  pragmatism  and  humanism;  pragmatism  and 
religion.  Tbe  l>ook  makes  delightful  rending  ;  hvil  it  does  not  appear 
that  the  fundamental  confusion  often  charged  to  the  account  of^the 
pTAgmatist,  the  coufusiou  of  trnth  with  knowledge  of  truth,  is  finally 
cleared  up.  AnO  it  may  be  doubted  whether  the  middle  ponition 
tinally  recommended  will  satisfy  many  temperaments,  since  a  tem- 
perauicnt,  however  mixed  its  origin  and  character,  generally  leant 
with  some  bias  to  the  one  philosophical  side  or  to  the  other.  To  pat 
the  matter  crudely.  Professor  James  will  probably  be  too  religious  for 
tbe  non-religious,  and  not  religious  enough  for  tbe  reltgiou*lv  minded. 

P.  K.  WlKTKK. 

Essay  on  the  Creative  Imagination,   by  T.  RiDOT.    Translated  from 
tbe  French  by  A.  H.  N.  Baron.     Chicago,  Open  Court  i'nblishloK 
Co.,  1906.    pp.  xix,  370. 
H.  Ribot  holds  an  unique  position  among  descriptive  psychologists* 
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£vei7  few  years  be  c«11s  «tteation,  iu  >a  elaborxte  e*uy,  to  sotnr  field 
of  work — general  Ideas,  affective  memory.  creativ<;  IniaginatioD,  the 
pasaioiiB — thAt  hak  »o  far  lieen  iteglccied,  whctht;r  by  the  (IcKriptiTe 
or  by  theexpcriineutalsctiool.  Ttiecoiiibinatioii  of  a  strong  systemaiic 
bcutwilhn  hieh  degree  of  titerarj'  skill  makes  this  serieft  of  hooks 
doably  valuiibte;  xhcj  are  found  leailable  by  ibe  general  eiiui^ated 
pnbltc.  and  tbey  offer  to  tbe  psycbologiai,  witbout  pTCteoce  of  Quality, 
a  conspectus  of  fact  and  opinion  gleaned  from  scattered  sonrcea  and 
arranged  on  a  workable  plan.  Mr.  Barou'a  trannlalian  is,  therefore, 
moat  welcome;  we  may  safely  predict  tbat  one  of  its  results  will  be 
the  carrying  of  varjons  part-problems  of  imagination  into  tbe  labora- 
tories. Tbe  translation  itself,  while  by  no  uieaus  sympathetic,  ap> 
pears  to  be  accnrate.  Tbe  prool-readiog  of  tbe  book  has  been  very 
carelessly  done.  P.  E.  Wintkb. 

Text  Booko/  Piyehiatry.  a  psydtoSa^ical  ttudy  of  insanity .  by  Dr.  B. 

Mbmdhi..    Authorized  Translation.    Edited  aud  enlarged  by  Wm. 

C.  Krauss.  P.  A.  Davis,  Pliiladclphia,  1907.  pp.  311. 
The  pnychiatrlcal  clinic  is  now  obligatory  to  medical  students  fa 
jnost  countries  and  schools,  and  in  Berlin  since  i^t  has  been  a  t»ple  on 
which  ull  doctors  must  be  examinrd.  There  arc  of  conrse  very  luauy 
excellent  texts  on  tbe- subject  in  GemiaD,  but  the  anlboT  here  tries 
to  present  il  m  a  general  pcmprctirc  to  enable  ntudpnta  to  fill  np  the 
gaps  in  the  clinic  and  to  reduce  all  to  its  proper  time  and  place.  Tbe 
antbnr  himself  stands  in  tbe  front  rank  of  German  men  of  science  and 
for  thiriy  years  has  been  a  leader  in  Germany  vinA  also  distinguished 
by  bis  hospitality  to  Americans.  The  plan  of  the  l<ook  reprer^nts 
Mendel's  latest  views  of  classification.  Under  general  svmptoniatol- 
Ogy  he  dtscnsses  diitlufhances  of  seDsation,  of  thought,  luemory,  feel- 
ing, judgment,  conscious  action,  iucludinR  speech,  and  has  a  pregnant 
chapter  ou  physioiogical  disturbances  in  tile  condition  of  the  body, 
including  physical  degeiiPiacy,  motility,  reflections,  basal  motor 
nerves  and  iutcma)  orsaos.  Under  etiology,  a  chapter  ou  statistica 
discusses  the  factors  favoriugbreakingont  of  disease,  sncfa  as  puberty, 
climacteric  aud  old  age.  Direct  cansex  are  classified  as  psychic, 
somatic  and  mixed.  Outbreaks  may  be  trausilory,  acute,  or  chronic. 
There  arc  sections  on  pathological  anatomy,  diagnosis,  prognosis  and 
treatment.  Then  be  discasses  special  psychiairy,  imbecility,  idiocy 
and  psychosis,  ballacinatioD,  mania,  melancholia,  circular  psychosis, 
acute  dementia,  psychosis  from  centfHl  neuroses  such  as  epilepsy, 
bysteris  and  cboiea,  with  a  special  section  ou  intoxication.  Then 
follows  an  acconut  of  the  psycboMs  due  to  thyroid  trouble,  to  poisotu 
from  without,  to  organic  and  inorganic  poisons.  Under  organic  psy- 
chosis he  discusses  diflused  diseases  of  the  cortex  inctadiug  progres> 
aive  paral^raia.  senile  dementia,  arterial  sclerotic  psychosis  and 
apoplexy.  The  work  ends  with  instructions  for  examining  a  person 
mentally  diseased  and  for  rendering  an  opinion, 

P^eholosy  Appiied  to  Mtdicine.  an  introductory  study,  by  David  W. 
WblU).  Davis,  Philadelphia,  1907.  pp.  i4t. 
Tbe  author  thinks  the  proposition  "till  disease  is  mental"  seema  oo 
absurd  to  the  medically  traineil  man  that  be  is  apt  to  ignore  the  fact 
that  some  disease  is  mental.  lie  advocates  psycho-tb  era  pen  tics,  In- 
clnding  hypnotism  in  special  cases.  Indeed,  this  moflr  of  cure  began 
with  Eilwutd  tbe  Confessor,  tn  the  eleventh  century,  who  cured  ttic 
king'*  evil.  Tbe  anilior  repudiates  Mrs,  Eddy,  metaphysical  healers 
and  theoMtphiHts,  agrees  with  Wcttcrstiand  that  there  is  no  better 
cure  for  insomnia  than  hypnosis  and  that  special  auporifica  are  injn- 
riotif.     He  believes  tbat  sometimes  hypnosis  faelps  neuralgia,  sum- 
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mering  aud  tfae  ciftareUe  habit.  PhysiciaDs  like  J.  J.  Putnaiu  who  !• 
ttnitng  hysteria  by  Freud's  psycfao-aoalytic  method,  Quacleenhos  o( 
New  York.  Dubois  of  Berne,  ihc  aatbor  of  the  very  notable  "Psychic 
Treatment  of  Nervous  Disorder s."  and  the  general  use  of  placebos,  the 
({rowing  view  that  drug  therapeutics,  which  requires  ODly  the  writing 
of  prcscriptiouB  as  the  easiest  thin^,  ofteu  tesds  directly  to  pAteut 
medicioee,  the  patient  seeking  to  avoid  the  middleoian  aad  get  ibe 
goods  direct  (the  physician  being  only  a  middleman  for  the  drug 
maker):  all  these  »how  the  tendency  which  this  book  also  exemplifies. 
The  writer  beiicves  that  the  psychic  clement  is  present  in  all  therapeu- 
tics, in  surgery,  eleclro-tberapy,  Tna&sagc,  that  in  quack  medicines  it  is 
often  not  a  drug  but  thia  element  that  cures,  aud  that  the  same  i»  true 
to  some  extent  with  prescriptions  of  regular  physicians.  We  mustuot 
■hut  oar  eyes  to  Ihc  real  Tslne  of  this  clement  becaase  it  has  btstn 
abused  by  Christian  Science. 

Th*  Injiuence  of  the  Mind  upon  the  Body,  by  Pacl  Dubois.  Trans- 
lated from  the  fifth  French  edition  by  L.  B.  Gallalio.  Punk  Se. 
Wagnalls  Company.  New  York,  1906.     pp.  63. 

The  denendcnce  ol  the  soul  upon  the  body  commences  in  the  Cradle 
and  finivnea  only  with  the  Krave.  This  \~oluine  does  not  deal  with 
the  speculative  or  the  phtlnsopbical  upects  of  the  suhjcct.  bat  rather 
with  thosr  that  "re  moral  and  thcrapeolic.  The  object  of  culture  is 
to  subdue  the  body  till  it  )>ecomea  a  perfect  servant  of  the  aoul.  Self- 
control  begins  in  the  domination  of  the  body  by  the  soul.  There  are 
no  imii}{in«ry  sick  people,  but  all  suffer  and  therefore  all  arc  worthy 
of  i;ompiisBion  and  iu  need  o(  cure.  BxagKi^nitcd  cmotionaUsm  is  one 
of  the  most  common  diseases  of  modem  lilr  and  nothing  is  more  coo- 
taglous  than  nervouw  affccticns.  Mniiy  of  thcae  nrine  under  the  iiiflo. 
socc  of  real,  and  others  from  an  imaginary.  fatiKQe.  The  best  cure  la 
in  the  domain  of  higher  morality,  which  docs  have  remarkable  power 
to  steady  the  whole  personality.  We  must  have  some  kind  of  religion 
aud  philosophy  aud  live  up  to  it,  and  our  philosophy  must  inclode 
some  method  or  cure  uf  anxiety. 

A  Treatise  on  the  Motor  Apparatus  of  the  Eyes,  embracing  an  exp»> 
sition  of  the  Anomalies  of  the  Ocular  Adjnntments  and  their 
Treaimeui,  with  the  Anatomy  and  Physiology  of  the  Muscles  and 
their  Accessories,  by  Geokgk  T.  STEVENS,  M.  D,,  Ph.  D.  Phila- 
delphia, F.  A.  Davis  Co.,  1906.  pp.  xiv.  496;  184  illnstrations, 
some  in  colors  and  many  original. 
This  work,  bv  one  of  the  leaders  among  AmericAn  ophthalmoIO' 

fiats,  is  in  reality  a  sequel  to  the  lume  author's  earlier  work  on 
unctionel  Nervous  DJKcaaes,  published  iu  1884,  in  which  waa  first 
emphasized  the  causal  connection  of  motor  anomalies  ol  the  eyes  with 
man*  functional  nervous  troubles.  The  preaent  work  gathers  up  the 
results  uf  manv  papers  published  in  the  iutcrvenint;  years  tn  the 
Archives  0/ Opklhalfnylogy  tivit\  the:  Annals  <t  Oeulisti^ue.  And  gives 
them  here  again  id  connrotion  with  brief  statement))  of  current  knowl- 
edge with  reference  to  the  anatomy  of  the  eye  muscles  aud  adjacent 
parts,  aud  with  reference  to  paralytic  and  obstructive  troubles  of  the 
same  organs. 

The  work  opens  with  an  historical  sketch  of  strabismus  and  heiero- 
phoria.  Part  I  follows  with  nearly  sixtr  pages  upon  structnral  rela- 
tions, including  a  section  on  comparative  anatomy.  Part  II  dealt 
in  about  twice  a»  many  pages  with  the  physiology  of  the  eye  maacles 
and  their  functions.  The  longest  section  is  Part  III.  devoted  to 
anomalons  conditions  of  tfac  eye-musclea  not  dependent  upon  dia- 
easc.    It  is  these  which  are  the  fruiltiU  source  of  oerroaa  tronblea. 
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pArt  IV  lr«ftls  in  forty-fire  paifes  of  conditious  depending^  directly  on 
diMMe  affect  ins  t^c  motor  luDccioDs,  paralvsis,  aiiBSni,  etc. 

While  iieiQB  of  psycboloeical  iuterest  will  be  fouod  to  other  sec- 
tion*, it  is  iu  the  second  thai  the  psycbolo^ist  will  come  upon  familiu 
capttouv  like  "The  Visual  Perception  ol  Space,"  "UuconsciouB  Con- 
clusions," "Of  Corresponding  Points."  and  "The  Horopter."  And  here 
he  will  find  a  Kood  deal  that  is  the  result  of  frc»h  hd'I  firal-haud  obser- 
TBtion.  particularl)*  with  reference  to  physioloKical  questions,  bat 
much  alfto  of  Helmholtzian  psvcbolof;t2in{[[  which,  by  present  stand- 
ards, may  be  jualiy  described  as  antique.  The  section  is,  however,  one 
which  no  psychologist  dealing  with  the  phenomena  of  space  percep- 
tion will  do  well  to  neglect  altogether — in  cspecialaconpfc  of  pagesof 
friendly  criticism  npou  recent  psycho  logical  studies  of  eye  move- 
ments in  space  perception.  B.  C.  S. 

Osservaxioni  cliniche  ed  analomieMe  i^ite  lUmenxe  f>ost-a^opltttitht. 

Dart.  G.  Mingazzisi,  Rivista  Sperimentalc  di  Preniatria,  1897, 

Vol.  23,  p.  821. 
A  point  worthy  of  special  note  is  the  extreme  emotiTity  of  some  of 
the  patients  which  results  in  apaamodic  weepioK  aad  laughing.  The 
physio-anstoinical  reason  of  sneh  diatBrhanees  has  been  referred  hy 
Bruisond  to  (he  involvement  of  tome  special  classes  of  oervc  fibre*. 
Acconllng  to  bim,  along  the  anterior  segment  and  the  lance  of  the 
internal  oapxale,  there  run  little  hunillcft  of  cortical  fibteii,  which  ex- 
tend to  the  centres  ol  co-ordinatiou  of  the  mimetic  masctes,  sittt- 
ated  in  the  t/ialamus.  If  a  lesion  is  situated  simply  in  contact  with 
the  xnterioT  segment,  it  would  have  the  effect  of  irritating  the  &brei 
which  put.*  there;  if,  on  the  contrary,  it  involved  the  segment  Itself,  the 
efiect  wonld  be  of  s  paralytic  nntore:  In  both  cases  the  cortex  wonid 
lose  th*-  power  of  rcgnlating  the  minietic  centres  situated  in  the 
tkalamms  and  these  wouldrcspoud  to  all  peripheral  imprcssioue,  hence 
there  would  arise,  sometimes  spafimodtc  laughing,  sometimes  spaa- 
mo'lic  weeping,  which  the  patient  would  be  unable  to  control. 

"1  have  ubscrveil  a  true  case  of  apasmudic  wccpiug  in  two  patient* 
(ADtonini  and  Valeri)  who,  whenever  they  attempted  to  reply  to  any 
qnesti'in.  broke  into  uncontrollable  weeping.  Sometimes  a  stimnlua 
of  such  a  nature,  as  to  be  entirely  indepcnclcnt  of  every  sad  thought 
was  sufiicieut  to  induce  the  weeping.  lu  the  first  case  (Antonini), 
there  existeil  bilateral  lesions  of  the  lenttcalnr  nucleus  which  on  the 
right  side  wss  silnaletl  near  the  anterior  segmeat  of  the  internal  cap- 
sule. In  the  second  patient  (Valeri)  was  found  on  the  left  side  a 
lesion  of  thr/if/dirifn  and  of  the  interoal  membrane  of  the  gtoius 
ftaliidus."  Thkooatx  L.  Suitd. 

Hygiene  of  Nervei  and  Mind  in  Health  and  Disease,  Bjr  A.  FoRBL* 
Authorized  translation  from  the  second  German  edition  by  H.  A. 
Aikins.      New  York,  G.  I'.  Putnam's  Sons,  1907.   pp.  x,  343- 

M.  Forel's  wotk  is  a  compendium  of  psychology,  physiology,  path- 
ology and  hygiene,  dominated  and  unified  hy  theanthor's  well-known 
monistic  philosophy.  It  is  written  with  all  the  reformer's eutbuaiasm, 
which  carries  the  reader  Iriumpbautly  over  a  mass  of  details  that, 
otherwise  presented,  would  be  ary  enough.  The  defect  of  this  quality 
is,  of  course,  a  ooe-sidedness  thst  makes  the  book  distinctly  imtatius 
to  the  specialist.  There  can,  however,  he  no  doubt  that  its  general 
lofluenL-u  will  be  wholesome. 

The  translation  is  very  uneveu.  Alongside  of  much  careful  work  we 
find  slips  of  grammar  ^"b  dozen  children  of  the  same  parent-s  devi- 
ate from  each  other"),  disturbing  colloquialisms  fprectons  Utile 
can  be  gotten  oat  ol  the  word*  Nature  and  Matarar'),  naccrlaiu- 
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tieaof  termioologf  ("ps7chopKtliiBs"aod  "psycbopatbie*"),  awlcwart) 
phTa»e«("B  fi«h  ranniDK  away  at  oar  ■pproach"),  etc..  etc.  There 
sccniB,  too.  to  be  no  clear  principle  rUDUing  throujcli  the  notes  added 
by  the  tf  anslator  If  the  reader  needs  to  be  told  that  "the  word 
PbeaomeiiOD  as  used  in  psycboloKT  oc  ai>>'  other  science  does  not  nieaa 
BomcthinK  remarkable,  bat  merely  someihitifr  that  can  be  obaerved" 
(p.  17),  it  is  murely  superftuoua  lo  waru  him  that  the  Stitnowi-Fechner 
law-  of  identity  is  "to  be  dlstiuKuishcd  from  the  logical  law  with  the 
flane  name"  (p.  78)!  P.  B.  Wintkb. 

Morris's  Human  Analomy:  a  eompUte  systematu  treatise  by  Engiisk 

ami  Ameriian  authors.     Edited  by  H.  Loujj  and  J.  P.HcMnrrich. 

Foorlh  edition,  part  iii :  The  Nervoua  System;  Organs  of  Special 

Seoae.    Philadelphia,  P.  Blakision's  Son  St.  Co.,  i^/ofj.    pp.  x, 

747-1 113- 

The  psychologist  is  more  lilcelv  lo  consult  a  work  on  phraioloKy  or 

histoloKV  than  a  text-boolc  iu  anatomy.    Ncvcrtbeless.atiaiomy  niuat. 

at  times,  be  referred  to;  and  on  such  ocraston*  this  present  volume  of 

the  revised  Morris  will  prove  of  ){reat  Hsststaiice.     The  part  drjiU  with 

the  nervous  system,  eye.  ear,  tooKue  and  noae.     The  lit ustrat ions  are 

numerous,  clear  (many  of  them  are  |ksninlly  colored),  and  well-ctao«eo, 

and  the  text  is  uu  to  date.     Theaectlun  on  the  nervune  Bystcm  haa 

been  corrected  and  largely  rewritten  by  Professor  Hardesty,  of  the 

University  of  California ;  inat  on  the  eye  by  J)r.  Onnn,  of  the  London 

Ophthalmic  Hospital ;  and  that  on  ear,  noM,  and  tongue  by  Profetieor 

Kerr  of  the  Cornell  Medical  College.     The  price,  |i.;o.  is  extremely 

moderate.  H.  E.  HOTCHKISS. 
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Laboraiory  Manual  0/   Psychology,   by    Cuarlss    Hubbard   Judd. 

Volume  II  of  a  series  of  text-books  designed  to  inlro<lare  the  atu- 

dciit  to  the  methodsaiid  practices  of  scientific  psychology.  Charlea 

Scribner's  Sous,  New  York.  1907.     pp.  127. 

The  chapters  are  on  the  quantitative  study  of  geometrical  optical 

llhisioDa,  cbnroctcristks  of  thi.-  il;ffcrciit  parts  of  tbc  leliual  iicld.  color 

seusatious,  monocular  viKitiil  experiences,  binocular  visual  experiences, 

biaanral  recognition  of  direction,  tonal  scuisations,  cutaneous  sensa* 

tioni.   tactnal  space  perceptioa,  seuMtion  intensities,  apparatnn  and 

metbof)*  for  recording  movemeuls,  changes  in  circulnttou  accompany-. 

ing   changes  in  consciousness,   chanf^es  in   muscular  tension  of  tb« 

volttntary    mnsclcs.   mn»cnlar  co-ordtnalioo,   unnoticed  vartalious  in 

simple  co-ordinated  movements,  voluntary  modifications  in  movement, 

analysis  of  volnntary  co-ordinations,  effects  of  practice  (a)  imprcssios 

factors,  effects  of  practice  Cb)  motor  and  perceptual  babits.iiistractioa 

and  fatigue,  memory.  flnctaat>ons  of  nitention,  scope  of  attention  and 

consciousness,  icstbetic  appreciation,  experimentation  with  complex 

menial  processes. 

WofHOH  and  Ihf  Race,  by  OosiwN  Haet.  Ariel  Prcas.  Weatwood, 
ftlass.,  1907.  pp.  264- 
The  tbemes  in  this  book  are  :  Innocence  versus  ignorance,  flower 
bable5,  woman's  place  in  the  social  scheme,  motherhootl  a  joy,  real 
paternity,  a  perfect  body.  Icing  mind,  the  rationale  of  celibacy,  mar- 
riage actual  and  ideal,  the  Joy  of  life.  These  very  chapter  bead* 
suggest  to  an  unosuat  degree  the  point  of  view  and  even  the  content 
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of  tbe  book.  It )«  thoroagbly  w«ll  meaot  and  tber«  Kens  to  be  notb- 
lnf>  bad  or  objection  Able.  It  mi^ht  be  described  as  excellent  table  talk. 
It  makes  little  claim  to  W  »cieiiti(ic  and  does  not  utilUe  tbe  results 
of  rvceat  literature. 

Zfilsrhri/t  Jur  Religionspsyckologie.  Greazfraseo  der  TbeoIcgJe  tiad 
Me<ieiin.     Cail  Marhold,  Halle  a.  S.,  1907,    Baad   I.  Heft   4.    pp. 

145>«-l- 
We  rcRret  to  observe  that  Dr.  Vortiro*U  has  wttbitrawo  from  the 
editorabip  of  the  '/^itschrift.  We  are  glad,  however,  to  note  that  the 
editors  hope  »oon  tobave  atiotbcr  theologian  Id  his  place.  The  rhar- 
acter  o(  the  fourth  Dumber  is  somewbat  medical  ami  tbe  chief  articles 
are  (he  psychiatry  and  the  care  of  tbe  soul  in  corrective  and  penal  ju- 
stitiiiion!)  For  womcu,  social  and  ladividtial  care  of  the  »oul,  ethical 
values  uader  the  iufiueoci:  of  fatiRnc,  the  aatipalby  of  tbe  aocieat 
JewB  8]i;ainst  pictnrca  and  images.  The  review  department  is  reatricted 
to  the  discussion  of  a  siuglc  article. 

L'igalitd,  par  J.  J.  ESCAtma.  Bibliotbcque  Cooperative  Laiqvc  et 
R^pablicaiDe.  Parts,  1907.  pp.  73. 
This  writer  discoftsea  the  idea  nf  individuality  and  equality  and 
traces  tbe  latter  throoKh  the  historic  period,  points  out  the  chief  traits 
of  }(«nuitie  eiguality,  its  sources,  its  relations  to  wealth  aud  lis  future. 
Tbehoolc  is  interesting  and  suggestive. 

Die  Beeinjiussung  der  Sinntsfunktioncn  dutch  gtriage  Alkoholtnen- 
gen,  1  Tcil,  Ton  \Vii.hki,m  Spscht.  Wilhelm  Bngelmann,  Lciptig, 
1907.      pp.  115. 

Diseases  of  ike  Redum :  Tbeir  coniequeaces  and  non-surgical 
treatment.  By  W.C.Bkihkhruofp.  Orban  PabllshingConipeoy, 
Chicago,  1907.    pp.  307. 

Paranoia,  Us  varieties  and  fnedico-legat  itHporlantt,  by  CBARt,IIS  W. 
BuKiL.  Reprinted  from  the  Journal  of  tbe  American  Medical 
Atsoclalion ,  June  i.  1907,  Vol,  48,  pp.  185JIS55.  Press  of  the 
AmericRD  Mcdiol  Asaociatiun,  Chicago,  1907. 

A  Case  of  Ihe  Loss  pf  Memory,  by  Cbaruis  W.  Bdrx.  Reprinted 
from  American  Journal  of  Insanity,  Vol.  6>  Mo.  3.  Jannary,  1907, 
pp.  377-383 


NOTE. 

Wilbelm  Stern  baa  changed  his  well  known  Aussege  to  the  Zeil' 
schrifl  fur  angeumndle  /zychologie  und  psycAotogisckr.  Sammelfor- 
sdiung,  of  which  the  first  double  number  of  the  first  Tolamc,  coatatn- 
Ing  187  psgcs.  is  at  hand.  Although  the  scope  is  i^reatljr  enlarged  and 
Otto  Lipniann  becomes  joint  wiitor,  Ihe  new  Zeitschnfl  i*  cjtlled  a 
broadened  continnation  of  tbe  old.  The  first  number  is  very  attrsctira 
and  promising. 
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AhnotTDBl :  Dftocing  manis,  35;  Plaeillaots,  33;  LTcanthropy  and 
Wilchcr»(t,  35. 

.iEtthrtica,  nivthtKl  of  tnuhtng,  169;  Creative  tmaKinatiOD.  534;  Hit- 
tor^  of  itrt,  ^1;  SymnKMry  sad  Balance,  3S1. 

Adole«C<rnrcr  Petitxl  of  mrutal  TCCOtiBtrticlioD.  iSi- 

Amcrtcan  Ptycbologlckl  Aosociatioa.  istb  antiusl  mectiOK.  156. 

Amnesia,  539. 

Autliropolo^fical:  Aneroiii  in  I'orto  Rico,  156;  Dauish  folk-tales.  377; 
Error*  of  metbotl  in  tbr  atuilf  of  primitive  man,  155:  KASrs  of  the 
Hinda-Ko»b.  376;  Folkways,  376;  Haiila  texts  and  oyihs,  155: 
Paychology  of  clotbJng,  367:  Scalping,  376;  The  Aryan  and  an* 
throposociology,  155. 

Aphuia,  156. 

Apparatuti,  lortbettwlyof  mi-morr,  314,  3t6;  Pioger  pletbytmograpb, 
385;  L»mp-chimQey  pletby^mograpb,  385;  Student  apparaiaa  for 
pra<^tlce  rourMS,  385. 

AsBociiicion  in  tbc  ca*c  of  odor*,  336;  hotn  of  associattre  power  in 
words,  18]. 

Attention,  flactuation  of.  wJth  ctttaneoBii  Rtimnli,  309, 386:  with  vissal 
atioiuli.  386;  «pant«neonN,  and  Ua  pTHctical  applicatJODBi  l4Si 
Effect  of  divtracttOQ  on  Intensity  of  •oaods,  159. 

Audition,  waveform  in.  170;  Absolate  pitch,  194,  385. 

Bihltogrephy  of  pestilences,  epidemics  and  craies,  57;  of  the  Raccoon, 

489;  of  Reasoning,  503. 
Biological:  The  Origin  of  Life,  150;  See  rIbo  Sex. 
Book  Nolc«.  153,  538. 

Cbcfts,  the  psychology  of.  369.  Case  of  a  feebie<minded  cbesa  player, 
306;  general  fcatnrrs  of  thr  game,  363;  okill  of  moderate  playertt 
374;  skill  of  the  niaateri,  378;  special  paycbolog>-  of  the  game,  387; 
psychology  of  learning  to  ptay,  3^. 

Child  p9\choIogy,  368.  Backward  children,  3S3,  clinical  examination 
of,  3&t:  "Mental  development  io  the  child  and  the  race,"  36S. 

Colors,  naming  of ,  519. 

Comparative  psychology:  Association  processes  of  Ihc  dog,  cat,  and 
Bqnirrcl,  304;  Habit  forraatlon  in  atarfish,  158;  [mitatioa  and  ani- 
mal perception,  158:  KinsMthetic  sentatlona  of  white  rats  in  ibt 
masc.  158;  Modifinbilily  of  brhnvior  in  earth  worms,  (53,  in 
dancing  mice,  ij8;  Polypbyletic  origin  of  animal  societies,  156. 
See  also  Raccoon  and  Spiders. 

Correlation,  formnlw  for,  161;  quick  method  for  calculating,  333. 

Criminological:  Aatobiographie*  and  other  writings  of  criminals,  377. 

Udncational:  German  Uoivertitieii  and  Cntversity  study,  149;  Growth 
Bud  Bducation,  380. 

Bmoiioiis.  see  Patisions. 

Kvolution,  outline  of,  367;  Of  weights  and  inea»nre«.  14S:  The  days  of 
creation,  367;   Deiccnt  ol  man,  366.     S(-<-  aUo  Hi:re<)itv. 

Bzperimeiital:  Control  of  the  Hipp  chronobcupe,  ^■.  Estimation  of 
the  extent  of  fore-arm  moTements,  365;  Experimental  study  of 
reasouiug.  490;  "L.ike"  judgments  in  discrimtnationi,  353;  Method 
of  Jnsc  rerceptiblc  Differences,  386;  Uinimum  exposure  in  stndica 
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of  rcsditig,  157;  New  methcxl  of  prepuring  color  Btimali,  and  its 
application  to  Weber's  law,  3S5:  Ptiiladelpbia  Meeting  of  Expcrl- 
mcntitl  Ps)^hotogist».  383:  Photoernphj-  of  eye- movements.  157; 
Rcftction  with  divcnmination  *nd  choice,  jj4;  Techiii(iue  of  ex- 
peritncnta  00  memorjr,  3d6.     See  ulna  Apparatus  and  Atteation. 

Feeling  Analysis  and  expcrimetitatioD,  158. 
Fluctuation  of  miiiimftl  fttlmali,  309,  386. 
Functional  paychology,  157. 

Gustatory  audition,  y\i. 

Habit  and  idea,  di0ereuccs  of,  158. 
Berediiy  In  royalty,  146. 

History  of  psychology:  Herbart  and  Leibnitz  on  psychology  and  edu- 
cation, 149. 
Human  t;nerKy,  159. 
Hygiene  of  the  nerves  and  mind,  527. 

Illnsions:  Htilargcment  of  the  moon  at  the  horizon,  364;  Miiller'Lyer 
5Kuie,  jSS;  Nou-visual  character  of  the  "proof-reader's  illusion," 
itio.     See  alao  Memory,  illasiona  of. 

Imagination,  514. 

Imitatiou  in  animals,  158. 

Judgment,  psychology  of,  160, 
LyiuK,  155. 

JUathematical:  Mathematical  prodigies,  <>i.  See  alao  Correlation  and 
Statistics. 

Memory-:  HBect  of  cbanges  of  the  time  variables  in  memorixing, 
3o6;  IHusious  of  memory,  411:  Initial  tendency  in  Ideal  reTival, 
359;  Memorial  types  and  retentiveness  in  school  children.  384; 
Meuiiirixiug  mc8uiuf(]cs«  Syllable!!,  ^04:  Memory  coiiseionsncM  in 
the  cu»«  of  pictures  of  familiar  ob]ecls,  389;  Memory  for  abtolate 
pitch,  t$4,  385.     See  also  Amnesia. 

Mental  and  Nervous  disease:  See  Hygiene. 

Heiital  hygiene,  153. 

Mind  and  body:  Body  and  sottl,  136;  Influence  of  mind  on  body,  516. 

Minor  studies  from  the  Clark  laboratory,  490;  from  the  Vasaar  lab- 
oratory, 177. 

Measarement  of  iulelleclual  capacities,  156:  Theory  of  Mental  and 
Social  Measurements.  375. 

Misceltaiieoua:  Brain  and  peisonality,  154;  Evolution  of  weiKbts  and 
measures,  aud  the  uieitic  system.  148;  Diseases  of  the  rectnm. 
539;  "In  the  Hire  of  the  Heart,"  580;  Length  of  a  generation,  J78; 
Lombroso  and  scientific  philosophy,  156;  Liongevily,  378;  Pittli/t- 
pine  Journal  of  Science.  383;  Psychic  and  economic  reaulta  of 
man's  physical  uprifhtness,  156;  Teratolo^,  135. 

Nervous  Disease:  In  relation  to  the  motor  apparatns  of  the  eye,  536; 

Alcbobol  and  uervous  diseases,  156.  See  also  Abnormal, 
l^earological:  Brains  aud  brain- preservatives,    155;  Cerebral  centres 

for  laughing  and  crying,  317:  Function  of  the  frontal  lobea,  383. 
Nervous  Syatem,  anatomy  of,  and  of  sense  organs,  538;  of  Verlebratea, 

154- 
Olfaction :  Associative  power  of  amelU,  336. 

Passions.  368. 

PedaicoKical,  sec  Bdncatton. 

Perce pliuu  :  Class: lication  of  perceptual  processes,  1 60;  Noo-teiuory 
components  in  aensc  perception,  t6o. 
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PotiUocM  sod  rpfcUnrira.  i:  Blacit  Death,  i. 

nUoM>pliir«l :   Coscepu  of  Philosophf.  371;  Bmjd^r  Btliies,  jtj;, 
ncbta'*  Vocattnnof  U«n,  371:  Sfnooc*  ukI  Relinoa,  571;  Bopci  J 
kvocM  of  all  Pvycb-loKT  (Mdbios),  153;  Idealisuc  Coeitraetiaal 
of  Exi«ti*iic«,  37s;  Intn>lDctJoa  to  Philotophj  (FnlleriM)*'.  371; 
Mecliani*in  of  tbiitiKbt.380:  KHitiTvofincDtslattd  Kpjritul  life.  155; 
Natarc  of  psychic  aad  ■piritnal  life  as  a  (onDdatkm  for  a  philoao^ 

K'  Y  of  thought.  3S0;  Natare  of  troth.  524:  PerstKent  Problema  afj 
ilo»ophy,  375;  PhiloUoB,  155;  Pbilosophj-  of  Goethe's  Panst*] 
J79.  of  rnanlmiitc  Matter.  379:  Pragmatisto.  579,  5x4:  Roou  of  Ke^j 
ality  .'Halt.  ^7^;  Secooil  life,  155;  Space  and  geometry,  t* 
Stndir*  III  vbiiovMphy  and  pajcholog^  (Garmaa  oomowsBM 
Tolutiie}ij3;  Sabttitntes  for  the  vonl  ta  modem  pajrchology,  a68t' 
Sylloeiatlc  phtW>«opby  and  prolcponicoa  of  acieoce,  153;  The 
world  aa  coninuliction.  156;  Vrdaota  pbilosophy,  156.  See  also 
Spinoza. 

Pbyatological:  Cerebral  circulation  in  sleep,  158;  Motor  apparattu  o< 
the  cywt,  $»6. 

Practice  in  rcaclton-times,  387;  Ceoeral  practice  cSect  of  special  exer- 
cise. 318. 

Ptychtatnc*]:  Paranoia,  339;  Po*t-apopIectic  denKnUa,  537:  Text- 
book of  Psychiatry  CMcndel,  td.  by  Krauts ).  525. 

PsychogrnrsiB,  »ce  Child  psychology  and  Conparative  psychology. 

Psychic  research,  154. 

Psych olofftcal  Joamal",  cuutys  aad  special  pnMlcations;  Harvard.) 
paychotogica)  Bttidie*  154:  J-'  Annit  Piyckoiogiquf,  i3th  vcar,  147,] 
ijlh  ye«r.  38J;  Piythologtcat  Clinic,  38a;  Psycho-pc^agogicaii 
papers  of  G.  Stanley  llntl  in  Ci-^ch.  381;  Wondt's  Bssays.  149;^ 
Zfttifkri/I  JUr  angcwandie  Psychaiogie  nnd  ptycAotogische  Sam- 
melfondiuHe.  519. 

PsychoJOKical  Lircratiire.  I44i  261,371,534. 

Ptychophysics;  see  Hxpcritnental. 

Psycliolbi:raveutics,  535,  536- 

Psychology  applicJ  to  medicine,  515. 

Raccoon*,  -147:  AancK-iiition  and  memory,  477;  tlihliograpby,  4B9;  Color 
pervevtiun,  478;  Experimeuis  on,  wilb  locking  devices,  463;  Gen- 
eral olxcrvAtion*  on,  449:  Imitation  in,  482:  Summary  of  study  on, 
486;  Zoological  and  twxonontic  relations  of,  448. 

Rcs'llng.  144.  157;  Reading  pauses  and  eye  movements,  144. 

RcaoKiiitig.  490:  Rspcrimental  siady  of  fensonlnj;  procenses,  j86. 

Religion:  Kcllgions  ejiidemics,  45;  ZtHichriftjur  RtHgiontpsycholO' 

git.  5»9-  .      .       ^ 

R«actit>n<times,  practice  in,  387. 
Rhythm,  504- 

Aenaatioa  :  EScct  ol  alcohol  on  the  tense  functions,  539. 

Svusc  otfcans,  anatomy  of.  538. 

Sex:   Mnn    nnd    wman,  ,^78;   K«prodnction,   biology,   physiology  and 

Buciulogy  of,  367;  Sexual  hygiene,  367:  Social  psychology  of,  3£6; 

Woman.  377;  Woman  and  the  race,  538. 
Sleep,  cereliral  rircalalion  in,  158. 
Spiders,  Variability  of,  ]59. 
Spinosa  and  morlem  pnychotogy,  514. 
Social  piychology:  154,  155,  376;  Children's  Crusades,  33,  Commercial 

crazta,  43;  Miistssipl  scheme.  43:  South  Sea  Bubble,  45:  Equality, 

f.39;   nnergetic».    i$y.   In^titut«  Solvay,   tj[4,  362;   Measurement  of 
utc1lc<:tnal  copttcitlcf  nnd  enerKetics.  156:  Natural  origin  of  prop- 
erty, 15$:  "Social  and  Etbical  loterpretations  in  Mental  Develop- 
ment." 380;  "Vnit  of  Strife,"  153. 
SaggcatioQ,  368. 
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SynsMthesia,  341. 

Sutistical,  tir,  &ctenttric  criterion  of  literary  merit,  T57.  See  also 
CoireUtion. 

Taate:  Relnttan  nf  tlie  four  fuDdamcntal  <^iiiilitie«,  367. 

Text-books:  Blcmetits  vi  Psycbology  (Thoradike),  373:  pBycbology, 
(Jatld).  38i,  52H, 

Time  jiiilgnirntit,  177;  Sr^tetnatJc  errorH  in  time  eatiioiitloD.  1S7. 

Tone-psychology,  159;  Tonal  rcociioa,  159. 

Touch:  riuctuatloii  of  stteutloa  to  cutaiieoas  iitlniali  to.  309, 

Vision:  Binncnlar  deptb  perception,  137;  FInctnatioa  o(^  miDinia] 
visuHl  stiniuli,  586:  Imperceplible  sliadows  in  judgmencs  of 
extent.  3SS:  Light  (liscriminAtioti,  331;  Motor  apparatus  of  tbecye, 
576;  Nurnial  and  alinoruial  color  aystems,  155;  Visaal  inuigery, 
3S9:  Visual  spAtie,  156. 

Voluntary  movement,  antecededtiof,  160. 
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